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EXECUTIVE SUMMARY

This report documents the Corrective Measures Study/Feasibility Study (CMS/FS) performed
for the 881 Hullside Area Operable Umt 1 (OU 1) of the Rocky Flats Environmental
Technology Site (RFETS) The study was conducted 1n accordance with the requirements of the
Rocky Flats Interagency Agreement (IAG) of January 1991 This agreement was signed between
the U S Department of Energy (DOE) the U S Environmental Protection Agency (EPA) and
the Colorado Department of Public Health and the Environment (CDPHE) The agreement
specifies that the CMS/FS shall be conducted following appropriate Comprehensive
Environmental Response Compensation and Liability Act (CERCLA) and Resource
Conservation and Recovery Act (RCRA) guidance

The primary source of guidance used 1n the preparation of this report was EPA s Guidance for
Conducting Remedial Invesaganions and Feasibility Studies Under CERCLA which outhines and
describes the requirements of the National O1l and Hazardous Substances Pollution Contingency
Plan (NCP) Also used was EPA s RCRA Corrective Action Plan guidance, published in May
1994 1In preparing this report data on OU 1 were obtamned from both the Phase III RCRA
Facility Invesnganon/Remedial Invesngation (RFI/RI) Report and the Rocky Flats Environmental
Database System (RFEDS) directly Where appropriate recent soil gas survey data were used
to enhance the conceptual model apphed in the development of remedial action alternatives

Following standard RCRA/CERCLA guidehnes, results of the Phase III RFI/RI report were first
examined to determine primary site contaminants and exposure pathways Once these risk
dnivers were 1dentified remedial action objectives (RAOs) and preliminary remediation goals
(PRGs) were formulated to address risks to human health and the environment In the case of
OU 1 the Environmental Evaluation (EE) portion of the Baseline Risk Assessment (BRA) did
not identify any current or future risks to environmental receptors Therefore this report
focuses on mmmmizing the nisk to human receptors from contaminants identified 1n the RFI/RI
report The RAOs 1dentified for OU 1 are histed below
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1) Prevent the nhalation of ingestion of and/or dermal contact with VOCs and
morganic contaminants 1n OU 1 groundwater that would result 1 a total excess
cancer risk greater than 10 to 10 for carcinogens and/or a hazard index greater
than or equal to 1 for non carcinogens

2) Prevent migration of contaminants from subsurface soils to groundwater that
would result 1n groundwater contamination 1n excess of potential groundwater
applicable or relevant and appropriate (ARARs) for OU 1 contaminants

3) Prevent migration of contammants in OU 1 groundwater from adversely
1mpacting surface water quality n Woman Creek

These RAOs were selected to address the primary risk exposure pathways identified for OU 1
the pathways associated with groundwater and indirectly subsurface soils Surface soils were
also identified as a medwum of concern in the OU 1 RFI/RI however this medium 1s being
addressed under OU 2 Therefore PRGs for RAOs dealing with groundwater and subsurface
soills were identified by exammng both risk and apphcable or relevant and appropriate
requirement (ARAR) based values The exposure route of groundwater ingestion resulted 1n the
highest potential nsk to a future on site restdent As a result the Colorado Basic Standards for
Groundwater found in 5 Colorado Code of Regulations (CCR) 1002 8 3 11 5and 3 11 6) were
selected as appropriate PRGs for OU 1

After selecting appropriate PRGs for OU 1 remedial action alternatives were assembled that
would provide various conceptual approaches for cleanup of the site The alternatives selected
for detailed analysis are the following

o Alternative 0 No Action

o Alternative 1 Institutional Controls with the French Drain

. Alternative 2 Groundwater Pumping and So1l Vapor Extraction

. Alternative 3 Groundwater Pumping and Soil Vapor Extraction with
Thermal Enhancement
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. Alternative 4 Hot Air Injection with Mechanical Mixing

° Alternative 5 So1l Excavation with Groundwater Pumping

These alternatives were subjected to detailed analysis as required by RCRA and CERCLA
guidehines and the NCP (40 Code of Federal Regulations 300 430) The standards and criteria
used to analyze the alternatives are the following (with the exception of state and commumty
acceptance which are analyzed later in the CMS/FS process)

° Overall protection of human health and the environment
(including assessment of source control measures)

o Compliance with ARARs

. Long term effectiveness and permanence
. Reduction of toxicity mobility or volume
. Short term effectiveness

. Implementability

. Cost
° State acceptance
. Community acceptance

The two threshold critena overall protection of human health and the environment and
comphance with ARARs are statutory requirements that must be satisfied by any alternative 1n
order for 1t to be ehigible for selection as the preferred remedial action alternative The five
primary balancing criteria of long term effectiveness and permanence reduction 1n toxicity
mobility and volume short term effectiveness implementability and cost are used to evaluate
major performance objectives for each altermnative The performance of each alternative 1n
addressing each primary balancing criterion 1s evaluated and then compared across alternatives

to assist 1n the selection of a preferred alternative
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The two modifying criteria state acceptance and community acceptance, evaluate the potential
acceptance of the preferred alternative by regulatory agencies and the commumty These last
two criteria are not evaluated until after formal public comment on the CMS/FS and Corrective
and Remedial Action Proposed Plan (PP) and are addressed in the final Corrective Action
Decision/Record of Decision (CAD/ROD)

The results of the detailed analysis of alternatives are presented 1n this report To support the
analyses conducted herein groundwater modehng and residual risk assessment calculations are
mcluded 1n Appendices B and C respectively Cost estimates are ikewise mncluded i Appendix
A A complete ARARs assessment 1s included in Appendix D In general these analyses show
that most of the alternatives mncluded 1n this analysis will meet groundwater PRGs at Woman
Creek The No Action alternative may not meet these goals at the French Dram however In
terms of protecting human health and the environment all of the alternatives presented result
in residual misks of less than one in a million at Woman Creek Only the No Action scenario
presents a nisk near one 1n ten thousand at the French Drain  Costs associated with the
alternatives ranged from $1 8 million for the No Action alternative, to over $13 milhion for
Alternative 5 Soil Excavation with Groundwater Pumping Costs for the other alternatives
were comparable and ranged from $6 million to $7 5 million

Based on these results Alternanve 0 No Acnon would be the alternative of choice if
performance and comphance are only momtored at Woman Creek If however performance
and comphance are momtored at the French Drain then Alternative 1 Institutional Controls
with the French Drain would most likely be the preferred alternative Alternative 1 would also
be a viable option if performance 1s momtored at Woman Creek as a contingency measure until
more recent data are available concerning groundwater migration in OU 1 and how observed
data compare to predicted data Further discussion regarding the preferred alterative for OU 1
appears 1n the OU 1 PP
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10 INTRODUCTION

This Correcive Measures Study/Feasibility Study (CMS/FS) report evaluates information
necessary to support selection of the preferred remedial alternative(s) for Operable Umt 1 (OU
1) at the Rocky Flats Environmental Technology Site (RFETS) This report is part of a
comprehensive program developed pursuant to the Rocky Flats Interagency Agreement (IAG)
(January 1991) between the U S Department of Energy (DOE) the US Environmental
Protection Agency (EPA) and the Colorado Department of Public Health and the Environment
(CDPHE) In accordance with the IAG this report addresses CMS provisions of the Resource
Conservation and Recovery Act (RCRA) and FS provisions of the Comprehensive Environmental
Response Compensation and Liability Act (CERCLA)

11 Purpose and Orgamzation of Report

The CERCLA Remedial Investigation (RI)/FS process provides the overall framework for this
report as specified n the IAG IX D 1 Relevant RCRA specific CMS cniteria are incorporated
within this framework where appropriate In general the CERCLA/RCRA process 1s mtended
to gather information sufficient to support an informed risk management decision regarding the

most appropnate remedy for a given site  The process includes

Characterization of the site s physical conditions

Charactenization of nature and extent of contamination
Characterization of fate and transport of contamination

Assessment of nisk to human health and the environment

Treatability testing 1f appropriate

Development screeming and detailed analysis of remedial alternatives
Selection and implementation of remedial action(s)

This CMS/FS report documents the development screeming and detailed analysis of remedial
alternatives Following CDPHE and EPA acceptance the results of this report along with
information provided by previous reports will be summanized in a Corrective and Remedial
Action Proposed Plan (PP) The PP 1s published for public review and comment public
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comments will be responded to prior to selecting and implementing a remedy for OU 1

This CMS/FS follows EPA guidance established for general CMS and FS reports as outhined
in Gudance for Conducting Remedial Invesnganons and Feasibility Studies Under CERCLA
(EPA 1988a) and 1n the RCRA Corrective Action Plan guidance (EPA 1994) The guidances
involve three phases shown graphically 1n Figure 1 1 The three phases are

¢ Development of remediation goals and 1dentification of process options
o Development and screening of alternatives
® Detailed analysis of alternatives

The development of remediation goals and identification of process options 1s mcluded 1n this
report as Section 2 0 The Identification and Selection of Technologies and Representative
Process Options Representative remedial technologies capable of meeting remediation goals

were selected for inclusion 1n remedial alternatives

The Development of Alternatives phase 1s presented 1n Section 3 O of this report This phase
1dentifies and combines potentially feasible remedial technologies to develop a range of remedial
alternatives for OU 1  Specific components of this phase include

s Development of media specific remedial action objectives (RAOs)

¢ Development of media specific general response actions (GRAS)

¢ Identification of volumes and/or areas of the media which require GRAs

¢ Identification and screening of technologies and process options for each GRA

¢ Evaluation of process options within each technology type to select a representative

process option for the development of remedial action alternatives

The screening of alternatives 1s an optional phase that 1s conducted 1f the number of alternatives
developed 1s too large to be reasonably carned forward to the detailed analysis This screening
1s conducted on the basis of effectiveness implementability and cost This screeming was not
conducted for OU 1
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Section 4 0 presents the Detailed Analysis of Alternatives for those alternative that were carried
forward from the screemng phase described above In this phase the alternatives are further
refined and analyzed in detail with respect to CERCLA criteria and RCRA standards that are
provided 1n the National O1l and Hazardous Substances Pollution Contingency Plan (NCP) and
the RCRA Corrective Action Plan gmidance (EPA 1994) The CERCLA criteria include

Overall protection of human health and the environment

Comphiance with Applicable or Relevant and Appropriate Requirements (ARARS)
Long term effectiveness and permanence

Reduction of toxicity mobihity or volume

Short term effectiveness

Implementability

Cost

State acceptance

Community acceptance

In the detailed analysis the first seven of these critena are evaluated in two ways First each
alternative 1s evaluated individually on 1ts ability to satisfy each of the seven criteria  Second
the alternatives are subjected to a comparative analysis with the other alternatives The State
acceptance and community acceptance cniteria are addressed 1n the Corrective Action Decision
(CAD)/Record of Decision (ROD) Prior to the 1ssuance of the CAD/ROD the PP 1s submutted
for public and State comment Table 1 1 provides a comparison of CERCLA evaluation criteria
and RCRA standards

Because these CMS/FS phases Development of Remediation Goals and Identification of Process
Options Development and Screening of Alternatives and Detailed Analysis of Alternatives are
based on the results of previously conducted steps of the RCRA Facility Investigation (RFI)/RI

the following subsections briefly summarize the results of the RFI/RI Section 1 2 discusses the
Site Background Section 1 3 discusses the Physical Charactenistics of the site Section 1 4
discusses the Nature and Extent
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Table 1-1
Comparison of CERCLA Evaluation Criteria and RCRA Standards

National Contingency Plan
CERCLA Evaluation Cnitena
40 CFR 300 430(e)(9)(in)

RCRA Corrective Action Plan Standards
OSWER Directive 9902 3-2A (May 1994)

Overall protection of human health and the
environment

Protect human health and the environment

Control the sources of releases’

Compliance with ARARs

Comply with any apphicable standards for
management of wastes

Attain media cleanup standards set by the
implementing agency

Long term effectiveness and permanence

Long term reliability and effectiveness

Reduction of toxicity mobihity or volume through
treatment

Reduction 1 the toxicity mobihity or volume of
wastes

Short term effectiveness Short term effectiveness
Implementability Implementability
Cost Cost

-

! Thi criterion 18 addressed under the National Contingency Plan threshold criteria for Overall Protection of Human Health and th
Envronm nt Th nterion also d rectly related to the Long Term Effectiveness and P rmanence cnitert
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of Contamination Section 1 5 discusses the Fate and Transport of Contaminants, and Section
1 6 summanizes the Baseline Risk Assessment Section 1 7 discusses interim measures and

mterim remedial actions

12 Site Background

OU 1 also referred to as the 881 Hillside Area 15 located at the RFETS a DOE owned
facility located approximately 16 miles northwest of downtown Denver Colorado (see Figure
1 2) RFETS occupies approximately 6 550 acres of federally owned land 1n northern Jefferson
County Colorado The majonity of the RFETS buildings are located within a 400 acre area
referred to as the RFETS secunity area The 6 150 acres surrounding the security area are used

as a buffer zone

Prior to 1994 the site was referred to as Rocky Flats Plant (RFP) Until 1992 RFP fabricated
nuclear weapon components from plutomum uranum, berylhlum and stainless steel Parts
made at the plant were shipped elsewhere for assembly Support activities included chemical
recovery and punfication of recyclable transuramic radionuchdes and research and development
m metallurgy machiming nondestructive testing, coatings remote engineering, chemistry and
physics These activities generated radioactive hazardous and mixed waste On site storage
and disposal of these wastes has contributed to hazardous and radioactive contamination 1n soils

surface water and groundwater In July 1994 the plant was renamed to the RFETS to reflect
a new mussion of environmental restoration and the advancement of new and innovative

technologies for waste management characterization and remediation

OU 1 1s located 1n the southern portion of the secunty area on the hillside south of Building 881
and north of Woman Creek Historically Building 881 was used for enriched uranmium operations
and stainless steel manufacturing The laboratones 1n Building 881 also performed analyses of
the materials generated in production The highest pomt in the immediate vicinmity of OU 1 1s
Building 881 which 1s approximately 6 000 feet above mean sea level The lowest point 1s at
Woman Creek about 5 830 feet above mean sea level Two surface drainages occur 1n the
viciuty of OU 1 Woman Creek flows along the base of 881 Hillside south of OU 1 and the
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South Interceptor Ditch (SID) crosses OU 1 between the security area and Woman Creek A
French Drain was constructed 1n 1992 across a sigmificant portion of OU 1 above the SID to
collect alluvial groundwater as an Interim Measure/Interrm Remedial Action (IM/IRA)

OU 1 includes 11 sub areas that historical information suggested could exhibit potential
contamiation of soil surface water and/or groundwater These sub-areas are referred to as
Individual Hazardous Substance Sites (IHSSs) Figure 1 3 shows the locations of these IHSSs
Table 1 2 presents their descriptions The RFI/RI was specifically designed to investigate the
potential contamination at the IHSSs, as well as 1n the intervening areas of OU 1 The resulting
data were used to characterize the physical and chemical conditions at OU 1

1 3 Physical Charactenistics

Information on the Physical Characteristics of OU 1 was obtained primarily from the Phase II1
RCRA Facility Invesnganon/Remedial Investnganon (RFI/RI) Report (DOE 1994a) Where
appropriatc more recent data from the Rocky Flats Environmental Database System (RFEDS)
were used update interpretations and to develop figures and contour maps presented herein  Two
soll gas surveys conducted after pubhication of the Phase III RFI/RI report also supplemented
current interpretations (DOE 1994b DOE 1994c)

The physical characteristics of OU 1 which are relevant to the CMS/FS phases can be described
considering geomorphologic and hydrogeologic features

13 1 Geomorphology

The geomorphology at OU 1 reflects the interaction of several erosional and depositional
processes which have produced gently rolling to moderately steep slopes on the Building 881
hillssde  The terrain has been recontoured in several areas at various times during the
construction of Building 881 the placement of fill and waste materials 1n several areas including
the contractor yard and several IHSSs the grading of roads at the site the construction of the
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Table 1 2

Individual Hazardous Substance Site Descriptions

OU 1 CMS/FS Report
881 Hill d Area

February 1995

—
IHSS
Number | IHSS Name Description
102 O1l Sludge Approximately 40 x 70 ft* area located approximately 180 feet south of Building 881 where
Pit Site 30 to 50 drums of non radioactive oily sludge were emptied i the late 1950s The sludge
was from the cleamng of two No 6 fuel o1l tanks designated as IHSSs 105 1 and 105 2 and
was backfilled when disposal operations ceased
103 Chemucal Approximately 50 feet in diameter (2 000 ft 2) the pit 1s circular 1s shape and 18 located
Burnal Site approxumately 150 feet southeast of Building 881 on 1963 aenal photographs Area was
reportedly used to bury unknown chemicals
104 Liquid Reportedly a former (pre-1969) hiquid waste disposal pond 1n area east of Building 881 no
Dumping exact location or dumensions of pit location 1s uncertan due to poor quality of 1965 aenal
Site photograph  Approximate cimensions are 50 x 50 f°
105 1 Out-of Located immedhately south of Building 881 these were storage tanks for No 6 fuel oul
1052 | Service Fuel | Suspected leaks 1n 1972 Tanks closed 1n place through filing with asbestos-contaimng
O1l Tank matenial and cement THSS 107 the Hillside O1l Leak Site may have been caused by leakage
Sites from these tanks
106 Outfall Site | Overflow hine from the samtary sewer sump 1n Building 887 The outfall was used for
discharge of untreated sanitary wastes in the 1950s and 1960s Due to concern about
discharges from the outfall entering Woman Creek, several small retention ponds and an
nterceptor ditch were built 1n 1955 and 1979 respectvely to divert the outfall water to
Pond C 2
107 Hillside O11 | Site of 1972 fuel o1l spill from Buslding 881 foundation drain outfall A concrete skimmung
Leak Site pond was built below the foundation drain outfall to contain the o1l flowing from the
foundation drain and an interceptor ditch was constructed to prevent oil-contanunated water
from reaching Woman Creek
1191 Mulaple Former drum storage areas east of Building 881 along the southern perimeter road IHSS
1192 | Solvent Spill | 119 1 1s the larger western drum and scrap metal storage area and appears to have contained
Sites mostly drums 1n the southern part of the IHSS and mostly scrap metal in the northern part,
although material was moved around frequently as documented by aenal photographs [HSS
119 2 15 the smaller eastern drum and scrap metal storage area and appears to have contained
mostly scrap metal The drums contamned unknown quantities and types of solvents and
wastes The scrap metal may have been coated with residual oils and/or hydraulic coolants
130 Radioactive | Area east of Building 881 Used between 1969 and 1972 to dispose of soil and asphalt
Site 800 contamnated with low levels of plutomum and uramum IHSS 130 1s referred to as the
Area #1 Contamunated Soil Disposal Area East of Building 881 1n the HRR to better match the history
of waste disposal the site 18 included 1n the discussion of the 900 area at RFETS 1n that
report IHSS 130 contains approximately 320 tons or 250 cubic yards which came from three
sources 1) plutomum-contamunated soil and asphalt, placed in September of 1969 2) road
asphalt and soil rad contaminated by leaking drum 1n transit and 3) 60 cu yds of plutomum
contanmunated soil removed from around the Buillding 774 process waste tanks in 1972
145 Samtary Six inch cast wron samtary sewer hine that oniginates at the Building 887 hft station and that
Waste Line | leaked on the hillside south of Building 881 The hne had conveyed samtary wastes and low
Leak level radioactive laundry effluent to the samtary treatment plant from about 1969 to 1973

110




SID and most recently the construction of the French Drain The steepness of the hillside
combined with vanious construction and excavation activities at OU 1, has resulted in mechanical
failure mamfested 1 widespread slumping of material (DOE 1994a) A number of wells on the
hillside have been damaged by this slumping These morphologic features influence surface and
groundwater flow at the site

Surface water at OU 1 occurs only during precipitation and snow melt events except in the
mterceptor ditch and the French Drain  Surface runoff generally flows toward Woman Creek,
but likely infiltrates evaporates transpirates or encounters the mnterceptor ditch or French Drain
before reaching Woman Creek Surface water in the interceptor ditch 1s directed toward
collection ponds for sampling prior to discharge Surface water 1n the French Drain 1s directed
to the water treatment system portion of the IM/IRA which removes organics and 1norganics

13 2 Hydrogeology

Groundwater hydrogeology has been a central component of the OU 1 RFI/RI The most recent
mterpretations in the Phase ITI RFI/RI report represent a comprehensive evaluation of the OU
hydrogeology based on eight years of investigation and momitoring Groundwater at OU 1 1s
present 1n vanious geologic matenials including the unconsolidated surficial material and the
bedrock A significant permeability contrast occurs at the base of a weathered zone which
typically exists within the upper 5 to 25 ft of the bedrock The weathered zone and overlying
unconsohidated materials are generally 100 to 10 000 times more permeable than the underlying
unweathered bedrock This permeability contrast significantly hmits the flux of groundwater
mto and through the unweathered bedrock (relative to the overlying matenals) and consequently
serves as the basis for defimng two hydrostratigraphic umts The upper hydrostratigraphic umt
(UHSU) consists of saturated portions of the Rocky Flats Alluvium colluvial material valley
fill alluvium and weathered bedrock groundwater in these matenals 1s typically unconfined
The lower hydrostratigraphic umit (LHSU) consists of saturated unweathered bedrock
Groundwater 1n the unweathered bedrock can be confined or unconfined
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Over most of the site groundwater flow 1 the UHSU occurs in disconnected northwest
southeast trending channels that have been scoured into the bedrock surface Groundwater n
both the UHSU and LHSU flows from north to south toward the Woman Creek paleovalley
Bedrock highs and hithologic variabihity notably the presence of clay lenses act to retard the
rate of groundwater flow Flow has also been observed in ghde planes bounding the slump
blocks Parts of OU 1 particularly in the eastern portion contain groundwater only 1n the
spring months when water table elevations are typically highest Groundwater levels across

OU 1 are higher 1n spring than in the remainder of the year

Recharge to the UHSU 1s mmmmal and occurs primarily through infiltration of precipitation

Infiltration rates range from 2 inches per hour for imtial infiltration, to O 5 mches per hour for
final (saturated) infiltration Localized sources of recharge include seepage from the Rocky Flats
Alluvium to colluvial matenals and former recharge from the Building 881 footing drain which
has since been rerouted to the French Drain collection system Flow from this drain averages
35 gallons per minute (gpm) Discharge occurs largely through evapotranspiration and
discharge at boundaries such as seeps Woman Creek, the SID, and the French Drain (DOE
1994a)

From aquifer test data the average hnear flow velocity was estimated at 70 feet per year 1n the
vicinity of IHSS 119 1 8 feet per year 1n the vicimty of Building 881 and 180 feet per year
within the Valley Fill Alluvium The volume of UHSU groundwater at OU 1 was estimated at
5 8 acre feet mn January 1992 and 5 acre feet in April 1992 The decrease from January to
April 15 largely due to the rerouting of the foundation drain which was a source of recharge in
the western part of OU 1 (DOE 1994a) Water levels screened in the UHSU rnise annually 1n
response to spring recharge and decline during the remainder of the year (DOE 1994a)

The overall range of hydrauhc conductivity values estimated for UHSU materials was 3 x 10?
to 2 x 10° cm/sec The hydrologic data show a high degree of heterogenerity in the UHSU
matenials The overall hydraulic conductivity for the LHSU ranges from 1 2x 10%to 2 5 x 10°
Horizontal hydraulic conductivity values 1n bedrock appear to be 10 to 1 000 times greater than
hydraulic conductivity values 1 the vertical direction
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Groundwater level data 1n the vicimty of the French Drain suggest that the system 1s effective
mn capturing UHSU groundwater onginating from OU 1 For example data from most of the
UHSU monitoring wells downgradient (south) of the French Drain were dry in Apnl 1993 a
month typified by high water table elevations (DOE 1994a)

1 4 Nature and Extent of Contamination

This section summanzes the results of the nature and extent of contammation at OU 1 as
presented 1n the Phase Il RFI/RI report Table 1 3 summarizes the contaminants identified 1n
the Phase ITII RFI/RI report nature and extent assessment for the media of groundwater surface
soils subsurface soils surface water and sediments The investigative programs for these
media were designed to characterize the nature and extent of contammation 1n the vicinity of the
eleven IHSSs as well as the mterveming areas of the 881 Hillside Area  The resulting data
mdicate that many of the IHSSs are not sources of contamination Furthermore some sources
occur outside of IHSS or even OU 1 boundaries One of these situations mvolves surface soil
contamination by americium and plutomum, which was shown 1n the Phase III RFI report to
originate from within Operable Umit 2 (OU 2) Considering this scenario all subsequent
characterization and remedial activities related to surface soil contammation in OU 1 will be
addressed under the OU 2 RFI/RI and CMS/FS programs

141 Volatile Orgamic Compounds

Volatile organic compounds (VOCs) are present in subsurface soils and groundwater at OU 1
Chlornated solvents occur sporadically in subsurface soils at the IHSSs Sources for VOCs 1n
groundwater appear to correlate with elevated concentrations in subsurface soils Toluene occurs
throughout OU 1 1n subsurface soils at relatively low concentrations The nature and extent of
the detections suggest the source of the toluene may be laboratory or field introduced
contamination—however these hypotheses have not been confirmed
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Table1 3

Contaminants Identified 1n the RFI/RI by Media

Contaminant

Ground
Water

Volatile Organic Compounds

Carbon Tetrachlonde

o

Chloroform

1 1 Dichloroethane

1 2 Dichloroethane

1 1 Dichloroethene

1 2 Dichloroethene

c1s 1 2 Dichloroethene

Tetrachloroethene

Toluene

Total Xylenes

1 1 1 Tnichloroethane

1 1 2 Trnichloroethane

Trnichloroethene

R B B - I Bl B B B B

Metals

Selenium

>

Vanadium

Radwonuchdes

Americium

X

Urantum

X

b

Plutonium

X

Polychlorinated Biphenyls

(PCBs)

AROCLOR 1248

X

AROCLOR 1254

X
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Table 1-3

% Contammants 1 surface soils are being addressed under OU 2

b Contammants m shaded media did not result 1n a cancer risk greater than 10° nor a hazard mdex greater than one
X Contamnant 1s a COC which has been detected n the medium
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(Contmnued)
Contammant (;;:l::rd Susx;l;:ce SUsto"ll;Eace g:,l:ft::f Sediment”
. Polynuclear Aromatic Hydrocarbons (PAH:)

Acenaphthene II T X 7 B S
Acenaphthylene X

Anthracene X
Benzo(a)anthracene | X

Benzo(a)pyrene X
Benzo(b)fluoranthene X
Benzo(ghi)perylene X
Benzo(k)fluoranthene X

Chrysene X

Dibenzo(a h)anthracene X

Fluoranthene X

Fluorene X

Indeno(1 2 3-cd)pyrene X

2 Methylnaphthalene

Naphthalene X

Phenanthrene X

Pyrene X

e




Groundwater chemistry data indicate VOCs occur i three general areas (DOE 1994a)

¢ South of Building 881
e THSS 119 1 area
e Southeast of ITHSS 119 2

Within these three areas (see Figure 1 4) concentration gradients and variations in analytes
suggest that multiple release points are likely Random 1solated detections of relatively lower
concentrations (0 11 to 6 ug/l total VOCs) occur 1n the intervening areas Each of these areas
1s discussed 1n the following subsections

Area South of Building 881

Groundwater in the area south of Building 881 exhibits relatively low concentrations of
chlornated solvents (ranging up to 130 ug/f) The spatial distribution of these detections 1s
quite random suggesting potential multiple point sources Historical information corroborate
this nterpretation—the use or disposal of chlormated compounds 1n discreet areas (including
proximal IHSSs 145 107 and 106) 1s not documented The maximum VOC detection 130 ug/f
of 1 1 1 trichloroethane (1 1 1 TCA) occurred at well 0187 Although this well 1s immediately
down gradient of IHSS 145, a subsequent soil gas survey presented in the previous Phase I
RFI/RI Report revealed no 1 1 1 TCA 1n the soil gas sample collected closest to well 0187

Soil gas survey results reveal a lgh concentration of tetrachloroethene (PCE) 1n soil gas
approximately 30 feet southwest of well 5287 (DOE 1994b) This detection 1s the second
highest out of several hundred soil gas samples collected at OU 1 and suggests a potential
source for PCE 1n subsurface soils The detected concentration suggests the possible existence
of residual or pooled dense non aqueous phase hiquud (DNAPL) However PCE was not
detected 1n groundwater samples collected from wells located immediately down gradient of the
so1l gas detection (wells 5487/5387) suggesting that esther the solvent release did not reach the

water table (as a free phase wetting front) or that groundwater 1s not present at the location of
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the release These scenarios 1llustrate the sporadic nature and relatively low concentrations of

VOCs 1n this area and suggest that multiple point sources exist south of Building 881

THSS 119 1 Area

Documented waste storage practices at this IHSS included the release of chlorinated solvents
Investigative activities confirm that these releases pose a continuing source for VOCs 1n
groundwater VOC concentrations are highest 1n the southwest portion of thus IHSS an area
exlibiting drummed waste 1n historical aeral photographs The Phase I soil gas survey
1dentified several locations 1n this area which may represent discreet release points

A comparison of the chemical suite detected in groundwater at several locations within the drum
storage arca revealed at least two distinct chemical mixtures One 1s dominated by
trichloroethene (TCE) and 1 1 1 TCA (well 0974) while the other 1s dominated by carbon
tetrachlonde (CCL) (well 1074)

Phase III RFI/RI results suggest VOCs occur 1n the form of DNAPLS 1n a zone directly beneath
THSS 1191 An aqueous plume of TCE TCA and several other VOCs emanates from this
DNAPL zone along the preferential groundwater flow pathway Thas pathway 1s currently being
mtercepted by the French Dran

The historical maximum concentration of VOCs 1n groundwater at OU 1 occurred at well 4787
although detections at this well have been charactenistically sporadic and have mvolved relatively
low concentrations This probably reflects the effectiveness of the French Drain which was
installed upgradient of well 4787 As discussed previously, most monitoring wells downgradient
of the French Drain are dry

uth f THSS 119.2

Concentrations of chlorinated solvents detected i two closely spaced momtoring wells
downgradient of IHSS 119 2 (wells 6286 and 6386) are attributed to potential VOC release areas
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at both IHSS 119 2 and upgradient of the operable umit The occurrences of these VOCs 1n
groundwater within the IHSS include one time detections of 9 3 ug/¢ in UHSU well 34791 and
01 ug/t LHSU well 4587 Chloroform detections occurred three times m well 4587 with a
maximum detection of 18 ug/¢

Wells 6286 and 6386 exhibited VOC concentrations and are located 1n a drainage hydraulically
downgradient from IHSS 119 2 Therefore a VOC release point 1s suspected m IHSS 119 2
and 1s shown on Figure 1 4 based on the location of suspected waste disposal features depicted
on aenial photographs The size of this suspected VOC release point 1s uncertain It 1s
speculated that contamination from the 903 Pad 1s also contributing to the VOCs detected 1n
monitoring wells on the Hillside The 903 Pad 1s upgradient of the impacted wells and 1s known
to be a source for CCl, and other dissolved chlorinated solvents in groundwater

The occurrence of chlorinated solvents 1n subsurface soils in this area 1s mited to a detection
of 140 ug/kg 1n borehole BH5887 The occurrence of VOCs 1n soil gas 1s limited to low levels
of PCE and 1 1 1 TCA at one location within the IHSS However the magmtude of the so1l
gas detections 1s several orders of magnitude less than those noted near Building 881 and IHSS
119 1 and are more representative of the local background around IHSS 119 2 Nevertheless
as was the case at IHSS 119 1, the presence of a VOC release pomnt within THSS 119 2
boundaries 1s suspected based on the downgradient groundwater chemistry

In summary VOC contamination occurs in subsurface soils soil gas and groundwater at OU 1

The nature and extent of VOCs 1n these media indicate that three general source areas exist (1)
the area south of Building 881 (2) IHSS 119 1 and (3) IHSS 119 2 Other IHSSsin OU 1 and
the intervening areas, occasionally exhibit random low level concentrations which may reflect

sources upgradient of OU 1

1 4 2 Metals

Metal contaminants detected at OU 1 include vanadium and selemum These metals were
significantly elevated in groundwater but not in subsurface soils Historical information does
not indicate that these metals associated with wastes stored or disposed of at OU 1 but elevated

OU 1 CMS/FS Report
881 Hull d Area
February 1995 119




concentrations 1n areas where VOC wastes were stored It 1s unlikely that these metals were
leached from the so1l by organic wastes disposed of at OU 1 since hydraulic o1l and chlorinated
solvents have poor chelation properties and are not strongly acidic or basic Four areas have
been 1dentified at OU 1 with elevated selentum and/or vanadium as discussed below

IHSS 119.1 Area

Multiple detections of selemum and vanadium were noted in momtoring wells located in the
southwestern portion of THSS 119 1 (Figure 1 5) Typically the elevated metals were seen 1n
association with VOCs In particular the highest metal concentration (2200 pg/f of Se) was
detected 1n a well with one of the lughest VOC concentrations anywhere at OU 1 (Well 1074)
The maximum downgradient extent of selentum 1n groundwater at IHSS 119 1 appears to be n
the viciity of well 0487 The occurrence of vanadium 1s similar to selemum except that

vanadium only occurs above background 1n UHSU wells

Area South of Building 881

One detection of vanadium was noted at well 5387 at approximately six times the background
level of 30 mg/f This well exhibits concentrations of various chlorinated compounds 1n the 1
to 25 ug/f range Several potential VOC source areas have been 1dentified 1n the area south of
Building 881 however well 5387 1s not particularly close to the suspected source areas
Nevertheless 1t 1s conceivable that the vanadium present 1in groundwater at 5387 represents a
plume ongmating from one of the VOC source areas previously discussed The extent of
vanadium concentrations above background near Building 881 appears to be limited to the
immediate vicimity of well 5387
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st of THSS 102

One detection of vanadium and three detections of selemum were noted above the background
level in well 6986 No detections of VOCs have been noted at this well It 1s unclear whether
these detections represent contamination or naturally occurring levels as the maximum vanadium
and selentum concentrations represent 126 percent and 194 percent of background respectively

Based on these relatively low levels a contaminant source 1s not suspected 1n this area

Southeast Comner of THSS 130

Vanadium 1s the only contamnant detected at this location over background levels A maximum
of 403 ug/t was detected at well 37191 which represents approximately five times the
background level Only exceedingly low levels of VOC contamination (<0 5 ug/{) were found
in association with the vanadtum The extent of vanadium and selenium contamination 1n the

southeast corner of IHSS 130 appears to be limited to the immediate vicinity around well 37191

In summary metals detected at OU 1 were selemum and vanadium These metals are found
above background levels primanly 1n groundwater Detections occurred 1n four areas IHSS
199 1, IHSS 119 2 south of building 881 and east of IHSS 102

143 Semvolatile Organic Compounds

The only semivolatile organic compounds (SVOCs) identified at OU 1 are PAHs and PCBs

PAHs occur over most of OU 1 but are limited to surface soils concentrations tend to decrease
with depth In the Phase III RFI/RI PAH:s are generally not considered to be of OU 1 ongin

However asphalt and residues from a fire reportedly disposed in IHSS 130 (DOE 1994a) may
be a source for PAHs PAHSs have also been detected 1n sediments Several areas of OU 1 have
been 1dentified where PAHs appear more concentrated relative to the surrounding area These
areas however do not comncide with IHSS locations Given this distribution the sources for

the PAHSs at OU 1 are presumed to be general urban fallout including asphalt dust and larger
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particles vehicle exhaust furnace exhaust and fires on plant site  Similar distnibutions of PAHSs
occur at other OUs at RFETS corroborating this presumption

PCBs occur primarily in IHSSs 106 119 1 and 119 2 surface and subsurface soils generally
lower concentrations were randomly detected 1n surrounding areas The contaminant release
mechanism for PCBs 1s unknown One PCB detection has also been noted mn sediments
however the observation was at the western OU 1 boundary upgradient of the OU 1 source
areas For this reason PCB occurrence 1s not considered to be of OU 1 ongin

1 4 4 Radionuchides

Americlum, plutonium, and uranium have been 1dentified as OU 1 contaminants and are elevated
m surface and subsurface soils In addition plutomum and americum are elevated 1n surface
water and sediment The widespread plutomum and amencum contamination in surface soil
appears to be a result of deposition of wind disseminated plutonilum/americlum-contaminated dust
onigmating from the 903 Pad Area Consistent with this hypothesis there 1s a general decrease
m activities from east to west (ranging from a maximum of 22 7 pCv/g to 0 0076 pCv/g of
plutonmum and 4 15 pCr/g to 0 0129 pCr/g of amencium) As mentioned earlier since the
source of uramum contamination 1s surface soils 1s located n OU 2 this contamination will be
addressed by the OU 2 RFI/RI and CMS/FS programs

In contrast to the wide spread plutomum/americtum contamination localized hotspots of
plutonium/americium or uramum are present at OU 1 These hotspots are postulated to reflect
releases of radionuclide contaminated hiquids stored in drums at OU 1, and have been addressed
through an early removal action discussed 1n section 1 7 Areas within IHSS 130 contain low
activities of americlum and plutomum above the upper tolerance imit (UTL) in the shallow
subsurface soils indicating a near surface widespread source Localized areas within the THSS

do contain low activities of plutonium and americium above the UTL at depth

Unlike plutonium and americlum uranium contamination 1s not wide spread Instead uranium

occurs at discrete locations i surface and subsurface soils at OU 1 In some areas uranium
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233 234/uranmam 238 ratios of approximately 1 to 2 suggest detections represent naturally
occurring uranium In other areas uramum 233 234/uranium 238 ratios are higher suggesting
contamination by enriched uramum  As 1s the case for other radionuchdes surface soil
contamination by uramum will be addressed by the OU 2 RFI/RI and CMS/FS programs

Aside from areas within THSS 130 the distribution of radionuchides at OU 1 appear random,
rather than correlating with the IHSSs

145 Summ f nt of Con n

In summary contaminant groups represented m OU 1 media mnclude VOCs SVOCs PCBs

metals and radionuchdes One or more contaminants from these groups has impacted surface
soils subsurface soils surface water sediments or groundwater The distribution of these
contaminants 1n these media 1s largely random only IHSSs 119 1 and 119 2 and the area south
of Building 881 exhibit clear evidence for consideration as sources IHSSs 102 130, and 106
also exhibit contamination but the nature and distribution of detections in these areas 1s
ndicative of potential background contamination or off site sources

15 Fate and Transport of Contaminants

This section discusses potential mechamisms by which contaminants identified in the Phase III
RFI/RI can migrate Although several mechanisms are 1dentified 1n the following sections the
groundwater medium 1s the most sigmficant pathway Figure 1 6 depicts potential groundwater
magration pathways Note that this figure does not represent the volume and velocity of
groundwater flow 1n these pathways Many areas of OU 1 are currently dry and remain dry
throughout the year The migration pathways presented 1n the figure present potential pathways

assuming adequate groundwater 1s present
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151 Volatile Organic Compounds

The release mechamsms for VOCs at OU 1 are varied and include product leakage from stored
drums possible leakage of dilute aqueous solutions of VOCs from pipelines and seepage of
aqueous VOC solutions or product from impoundments and disposal pits In the area south of
Building 881 a release mechamism may include leaking samitary sewer lines (THSS 145) In the
western portion of OU 1 (IHSS 119 1) the release mechamism 18 most likely leakage from drums
stored on the land surface

Once the contaminant has entered the subsurface the pathways for VOC migration include
gravity driven wetting fronts of aqueous solutions and/or small volumes of product through the
vadose zone to the water table In the case of product otherwise known as non aqueous phase
hquid (NAPL) the density and relative immascibility of chlorinated solvent can result in vertical
mugration of non aqueous phase contamination through the saturated zone This vertical non

aqueous phase migration can be arrested if the geologic material retains the NAPL as residual
or 1if impermeable matenial 1s encountered In either case dissolution to groundwater from
residual or pooled NAPL can form an aqueous phase plume Precipitation and infiltration would
also contribute to VOC mugration as chlonnated solvents are dissolved and transported
downward by infiltrating snowmelt and rainwater

Dissolved phase contaminants migrate in the direction of groundwater flow The rate of
mugration 18 dependent on the groundwater velocity and the affinity (or attraction) to the geologic
materials In the case of OU 1 the migration rates of orgamic contaminants identified in the
Phase III RFI/RI report are retarded relative to the groundwater velocity due primarily to
relatively elevated attraction to the clayey materials Retardation 1s particularly significant for
OU 1 contaminants with high octanol water partition coefficient (K,) values hike CCl, (DOE
1994a)

At OU 1 UHSU groundwater flow patterns are controlled to a large degree by the topography
of the bedrock surface Active channels 1n the bedrock are covered by unconsolidated matenal
of varying thickness that 1s vanably saturated Typically groundwater will flow towards the
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axas of the bedrock channel and continue downgradient along the axis of the channel toward the
south The existing French Drain acts as a hydraulic barner which intercepts contaminated
groundwater 1n the western and central portions of OU 1 prior to reaching Woman Creek In
the eastern portion of OU 1 where the French Drain does not extend the potential for
contaminant migration to Woman Creek exists but has not been confirmed

VOC contaminated groundwater may also discharge to surface water through seeps which have
historically been observed at OU 1 (DOE 1994a) While VOCs 1n surface water have been
previously detected 1n the SID the more recently constructed French Drain has intercepted this
pathway

Other muigration pathways for VOCs include volatilization of product into soil gas and subsequent
mugration of soil gas laterally and vertically away from the source area VOCs can also partition
out of contaminated groundwater into so1l gas move from soil gas mto groundwater or desorb
from geologic matenal into soil gas Considering the volatile nature of VOCs, they should not
mgrate 1 sigmficant quantities through surface water or via wind transport of VOC

contaminated surface soil

152 Metals

The mechanmism for the release of metal contaminants into the environment 1s less clear than for
VOCs Selenium and vanadium are undocumented RFETS contaminants that are presumed to
be associated with the VOC wastes stored and disposed of at OU 1 It 1s unhikely that selentum
and vanadium were leached from the soil by orgamic wastes disposed of at OU 1 since hydraulic
o1l and chlorinated solvents have poor chelation properties and are not strongly acidic or basic
Nevertheless the potential for leaching of these metals exists Alternatively these constituents
may be naturally occurring however there 1s msufficient data to support either conclusion In
etther case the primary mgration pathway 1s as a dissolved phase contaminant plume in
groundwater This migration 1s the same pathway discussed 1n Section 1 5 1 for VOCs
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153 Semvolatile Organic Compounds

It 1s presumed that PAHs were deposited at OU 1 from fallout of combustion products or wind
blown asphalt dust Asphalt dust and larger particles may also have been transported and
deposited by vehicles traversing OU 1 or by disposal of asphalt waste at OU 1

Once 1n place the dispersion mechamsms for PAHs mnclude vertical migration by infiltrating
surface water carrying dissolved PAHs or small particles with sorbed PAHs The low solubility
and high orgamic carbon partition coefficient (k,) values of PAHs lhimit mobilization of
significant quantities 1 the dissolved form and a direction of particulate matter through the
porous media at OU 1 1s unhkely to transport sigmficant non aqueous PAH mass Therefore
PAH transport via groundwater at OU 1 1s not significant Other transport mechanisms include
surface water and wind transport of particulate but soil and sediment data indicate these
mugration pathways are also msigmficant for PAH transport

Transport mechanisms for PCBs are similar to those for PAHs PCBs are expected to be very
mmmobile given the high k. values and the high carbon and clay content in surface soils at
OU 1 Adsorption of PCBs at OU 1 1s expected to be substantial on soils and clay particles
(DOE 199%4a)

1 5 4 Radionuchdes

Transport mechamsms relevant to radionuchides are similar to PAHs In particular, plutonum
has a strong affimty for the solid phase and will not be readily mobilized by precipitation and
infiltration Plutonium 1s strongly adsorbed to clay particles and 1s expected to undergo strong
cation exchange reactions due to 1ts strong positive charge (DOE 1994a) The primary transport

mechamsm for plutomum 1s wind dispersion
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155 Summary of Fate and Transport of Contaminants

The primary mode of contaminant transport at OU 1 1s through groundwater The distribution
of contaminants 1n groundwater illustrates the flow directions and pathways which trend south
towards Woman Creek These pathways are intercepted by the French Drain system prior to
reaching Woman Creek except possibly 1n the far eastern portion of OU 1 Chemucal data
indicate that the pathways transport contaminants from three primary source areas IHSS 119 1

119 2 and south of building 881 Groundwater contamination outside of these pathways 1s

random and generally involves relatively low concentrations

1 6 Basehine Risk Assessment

The OU 1 Baseline Risk Assessment (BRA) consists of both a public health evaluation and an
environmental evaluation The primary purpose of each evaluation 1s to examine the current and
future risks associated with contaminants identified duning the analysis of the nature and extent
of contammnation The following subsections summarize each evaluation and provide an overall

summary of the risks associated with OU 1

1 6 1 Pubhc Health Evalyation

During the course of the Public Health Evaluation (PHE) site population and land use data
were analyzed 1n order to devise several representative exposure scenarios (potentially exposed
receptors) for assessing the risk to current and future human health from 1dentified contamnants
at the 881 Hillide Area For each of these scenarios pathways were analyzed which
represented exposure routes from the source to potential receptors

Pathway elements were examined relative to the results of the Phase III field investigation which
indicated that contamination exists i the following media  groundwater surface soils

subsurface soils sediments and surface waters The contaminants identified 1n these areas
included VOCs PAHs PCBs 1norganic contammnants and radionuchides The contaminant
release mechanisms evaluated for OU 1 imncluded leaching volatilization and resuspension of

OU 1 CMS/FS Report
881 Hillside Area
February 1995 129




particulates by wind Potential transport media identified were surface water groundwater air
. soll and biota The exposure route (the route of entry into the human body) for these media
included ingestion mhalation and dermal contact In accordance with the Risk Assessment
Gudance for Superfund Volume I Human Health Evaluation Manual (Part A) (EPA 1989a)
if any of the above mentioned pathway elements 1s missing the projected receptor will not

receive a chemical or radionuchde dosage and no excess nsk will exist from that contaminant

The OU 1 physical environment including the French Drain and treatment system was
considered with information about the potentially exposed population land use scenarios, and
exposure pathways to form the conceptual site model This was evaluated to identify complete
pathways for credible and plausible exposure scenarios The following list describes specific
exposure scenarios and associated pathways that were selected for quantitative assessment

e Current Off Site Resident

— Inhalation of airborne particulates
" — Soil ingestion (following deposition of particulates on residential soil)
— Dermal contact with soil (following airborne deposition of particulates)
— Ingestion of homegrown vegetables/fruit (following surface disposition and uptake of
particulates)

e Current On Site Worker

— Inhalation of airborne particulates
— Soil 1ngestion

— Dermal contact with soil

— Sediment 1ngestion

— Dermal contact with sediment

— Surface water ingestion

— Dermal contact with surface water

¢ Future On Site Worker

— Inhalation of VOCs 1n mndoor air (office worker only) and outdoor air (construction
worker only)
— Inhalation of airborne particulates
— So1l ingestion
— Dermal contact with so1l
0 — Sediment ngestion (office worker only)
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— Dermal contact with sediment (office worker only)
— Surface water ingestion (office worker only)
— Dermal contact with surface water (office worker only)

o Future On Site Ecological Researcher

— Inhalation of airborne particulates
— Soil mngestion

— Dermal contact with soil

— Sediment ingestion

— Dermal contact with sediment

— Surface water ingestion

— Dermal contact with surface water

¢ Future On Site Resident

— Inhalation of indoor VOCs from basement vapor

— Inhalation of particulates

— Soil mgestion

— Dermal contact with soil

— Sediment ngestion

— Dermal contact with sediment

— Surface water ingestion

— Dermal contact with surface water

— Ingestion of homegrown vegetables/fruit (following surface deposition of particulates
and uptake)

The results of the BRA 1ndicate that only the media of groundwater and surface soils present a
nisk greater than the acceptable nisk range of 10* to 10° The risk to a human receptor from
exposure to groundwater contaminants of concern (COCs) 1s driven primanly by the exposure
routes of ingestion and inhalation of volatiles For a future on site resident this risk 1s on the
order of 10 to 102 but apphies only to exposures occurring directly at THSS 119 1

The risk to a human receptor from exposure to surface soll COCs 1s driven primarily by the
exposure routes of ingestion of vegetables and inhalation of particulates For a standard future
on site resident this risk 1s on the order of 10 It should be noted however that this risk 1s
based on OU 1 sitewide average radionuchde concentrations These average radionuchde
concentrations include a few areas of high contaminant concentrations (1€  hotspots ) that are
Iimited 1n extent and only exist within the boundaries of IHSSs 119 1 and 119 2 These hotspots
OU 1 CMS/FS Report
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were remediated under an early removal action for OU 1 to measured (local) background
concentrations The nisk to a future on site resident excluding the hotspots 1s much lower than
calculations indicate when including the hotspots Rusk results are summarized 1n Tables 1 4 and
15

1 6 2 Environmental Evaluation

As part of the overall BRA an environmental evaluation (EE) conducted to ascertain whether
contamination resulting from RFETS activities in OU 1 may have impacted or could adversely
mmpact ecological receptors 1 the vicomty Ecological receptors are operationally defined as
plants and ammals other than humans and domesticated species

COCs were selected for the EE based on a comparison of maximum concentrations of OU 1
contaminants to benchmark values COCs identified in the EE include VOCs PAHs PCB,
radionuchides and selemum The EE evaluated the impact that these COCs had on the following

endpoints

Vegetative Community

Small Mammal Commumnity
Mule Deer Population

Toxic Exposure to Top Predators

The results of the EE 1ndicate that the concentrations of VOCs 1n groundwater and PAHs and
PCBs 1n soils are potentially toxic to ecological receptors however, the restricted distribution
of these contaminants hmits the duration and frequency of contact with receptors and therefore
hmats exposures

1 6 3 Risk Summary

As 1mdicated by the PHE portion of the BRA rnisks to human receptors at OU 1 are primanly
associated with exposure to groundwater COCs Although this medium 1s not available for
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Table 1-4

. Summary of OU 1 Pomnt Estimates of Carcinogemc Risk
Total Excess

Scenario Cancer Risk Domunant COC Dommant Pathway
Current
On Site Worker (Secunity 1x10* Plutonium 239 240 Inhalation of dust
Specialist)
Off Site Resident (Aduit) 2x10° Plutomum 239 240 Inhalation of dust
Standard Future
Future On Site Worker 2x10% Plutonum 239 240 Inhalation of dust
(Office)
Future On Site Worker 4 x 107 1 1 Dichloroethene Inhalation of volatiles
(Construction)
On Site Ecological 2x10? Plutonium 239 240 Inhalation of dust
Researcher
On Site Resident (Adult) 3 x 10° Plutonium 239 240 Inhalation of dust
Other Future

| On Site Resident (Adult) 6 x 103 1 1 Dichloroethene Ingestion of groundwater

(Sitewide With Groundwater)
On Site Resident (Adult) 7 x 10* 1 1 Dichloroethene Ingestion of groundwater
(Assuming Adequate
Groundwater At Source)
On Site Resident (Adult) 4 x10? Plutonium 239 240 Inhalation of dust
(Groundwater At Source
With Public Water)
On Site Resident (Adult) 5x10° Dibenzo(a h)anthracene Ingestion of vegetables
(Without Source/Without
Groundwater)

Plutonium co centrations re biased high by th presence of several hotspots which hav been removed und an ea ly removal ction
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Table 1 §
Summary of OU 1 Point Estimates of Noncarcinogenic Risk

rm
Total Hazard Index
Scenario Chuld Adult Dommant COC Domunant Pathway
Current
On Site Worker (Secunty N/A 8 x 10° | Pyrene Dermal contact with soil
Specialist)
Off Site Resident 1x107 6 x 10° | Fluorene Ingestion of vegetables
Standard Future
Future On Site Worker N/A 3x 103 1 1 1 Trchloroethane | Inhalation of volatiles
(Office) through foundation
Future On Site Worker N/A 1x10* 11 1 Trichloroethane | Inhalation of volatiles
(Construction) during excavation
On Site Ecological N/A 2 x 10° | Pyrene Dermal contact with soil
Researcher
On Site Resident 2 x 10? 5x10° 11 1 Tnichloroethane | Inhalation of volatiles
through foundation

Other Future
On Site Resident (Sitewide | 2 x 10*! 9 x 10° | Carbon Tetrachloride | Ingestion of groundwater
With Groundwater)
On Site Resident 3 x 10*2 1 x 10*? | Carbon Tetrachloride | Ingestion of groundwater
(Assuming Adequate
Groundwater At Source)
On Site Resident 3 x 10%! 1 x 10*' | Carbon Tetrachloride { Ingestion of groundwater
(Groundwater At Source
With Public Water)
On Site Resident (Without 7 x 10° 3 x 10° | Fluorene Ingestion of vegetables
Source/Without
Groundwater)
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current residential use this scenario presents the highest and only unacceptable risk per the
NCP guideline of 10* to 10° Environmental nsks currently have not been 1dentified by the
Phase III RFI/RI and therefore do not warrant further examination

OU 1 nisks are a result of widespread contammation found 1 low concentrations and 1n various
media throughout the site  The Phase III RFI/RI results indicate that for the most part individual
IHSSs cannot be associated directly with any one contaminant group or area Table 1 6 lists the
primary contaminants present at each IHSS IHSS 119 1 119 2 and the area south of Building
881 represent the primary sources for contaminant migration

1 7 Intenm Measures/Interim Remedial Actions

The IM/IRA that was completed for OU 1 consists of a French Drain designed to collect
contaminated alluvial groundwater from the operable umt and to prevent further downgradient
mgration of contammnants The IM/IRA included a geotechmical investigation that was
performed 1n order to evaluate the site characteristics along the proposed French Drain alignment
(EG&G 1990) Construction of the French Drain began in November 1991 and was completed
i April 1992 The water treatment plant located 1n Building 891 1s part of the IM/IRA and will
be converted to sitewide uses Heremafter this plant 1s referred to as the Building 891 water
treatment plant

The French Drain was constructed by excavating a trench approximately 1 435 feet in length
(DOE 1994a) The trench was keyed imto bedrock material that exhibited a hydraulic
conductivity on the order of 1 x 10° cm/sec A permeable membrane was placed on the
upgradient side of the drain and an impermeable polyvinyl chioride membrane was placed on
the downgradient side of the dramn A perforated pipe was placed along the drain to collect
groundwater and the drain was backfilled with gravel and then so1l Currently groundwater
collected from the drain 1s fed into an ultraviolet and hydrogen peroxide (UV/H,0,) treatment
umt for treatment of organic compounds Inorganic contaminants are removed via a series of

1on exchange columns
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Table 1-6

Summary of Primary IHSS Contaminants

IHSS Primary
Number Contamunants*® Disposition
102 Groundwater contaminated with PCE and Considered mn Building 881 Area
TCE
103 Possible groundwater and subsurface soils Considered 1n Building 881 Area
contaminated with low levels of PCE and
TCE
104 Potential toluene in subsurface and Not identified as a source no
groundwater wide array of PAHs action required
1051& Low levels of VOCs 1n groundwater PCE Considered in Building 881 Area
105 2 detected below detection limit potential although not 1dentified as a source
solvent contamination 1n souls at north end
106 Groundwater contaminated with chlorinated | Considered in Building 881 Area
solvents potential solvent contamination 1n although not 1dentified as a source
soils at north end
107 Groundwater contaminated with chlorinated | Considered in Building 881 Area
solvents although not 1dentified as a source
1191 & Groundwater contaminated with chlorinated | Considered under THSS 119 1 and
119 2 solvents and selemmum possible DNAPL Area East of 119 2
sources 1 subsurface radionuclide hotspots
130 Radionuclide-contaminated soil and asphalt No risk pathway for rads and
PAHs 1n subsurface soils PAHs 1n subsurface soils no
action required Not identified as
a source of VOCs
145 Groundwater contaminated with chlorinated | Considered in Building 881 Area
solvents potential low level rad although not 1dentified as a source
contamination
| ww

Radionuchide and PAH contamination 1n near surface soils 18 being addressed under OU 2
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2 0 IDENTIFICATION AND SELECTION OF TECHNOLOGIES AND
REPRESENTATIVE PROCESS OPTIONS

This section summarizes the results of the identification and selection of technologies and
representative process options used 1n the development of remedial action alternatives for OU 1
Technologies and representative process options were 1dentified screened evaluated and then
selected for further evaluation in the CMS/FS This sequential task 1s outhned and discussed
in both CERCLA RI/FS and RCRA CAP guidance Bnefly summarnized EPA gwidance
1dentifies the following elements for selecting representative process options

*  Identify list of contaminants of concemn

¢  Develop media specific RAOs

¢ Identify Prelminary Remediation Goals (PRGs)

e Develop media specific GRAs

¢ Identify volumes and/or areas of the media for GRAs

e Ident:ify and screen technologies and process options applicable to each GRA

¢  Evaluate process options within each technology type to select a representative option
for developing remedial action alternatives

2 1 Contaminants of Concern

The hst of contaminants 1dentified in the Phase III RFI/RI nature and extent assessment 1s
summarized 1n Section 1 O of this report Potential contaminants identified early in the RFI/RI
process were subjected to a mult1 level screeming process that resulted in public health and
ecological COCs for inclusion in the PHE and EE The screeming process shortened the hist of
potential contaminants that are also risk contributors Contaminants that survived the risk based
screeming process are designated as COCs 1n the BRA

The COCs screened 1n the PHE and EE were

OU 1 CMS/FS Report
881 Hillside Area
February 1995 21




carbon tetrachlonde
1 1 dichloroethene
tetrachloroethene

1 1 1 trichloroethane
trichloroethene
toluene

selenum

PAHs

PCBs

americium
plutonium

uranium

The screeming of COCs for significant risk to ecological receptors found that none of these
contamnants contribute a sigmficant risk to ecological receptors In addition, adverse impacts
to the environmental receptors have not been identified in the EE  Therefore COCs for
ecological receptors are not further evaluated 1n this report

The screening of the contaminants for human health risk found some contaminants do contribute
a significant isk The risks associated with some of the contaminants 1n groundwater exceed
10* for future residential receptors within the OU 1 boundanies The following groundwater
COCs are 1dentified at THSS 119 1

carbon tetrachlonide
1 1 dichloroethene
tetrachloroethene

1 1 1 tnchloroethane
selenium

These COCs only represent a portion of the contaminants 1dentified at OU 1 The complete list
presented 1n Section 1 0 will be examined relative to remedial action alternatives

2 2 Remedial Action Objectives

RAOs were formulated using appropnate regulatory guidelines (1e¢ EPA RI/FS and CAP

guidances and the NCP) and by examming the relevant COCs and their associated exposure
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pathways In general RAOs are contammant and medum specific goals for protecting human
health and the environment In developing appropriate RAOs guidance states that  objectives
should be as specific as possible but not so specific that the range of alternatives that can be
developed 1s unduly imited  In order to quantify RAOs, PRGs were developed that provide
an 1dentification of what an acceptable contaminant level or range of levels would be for each
exposure route of concern Note that a nisk range 1s presented for those RAOs that specify a
protectiveness level The range 1s necessary since PRGs are typically estimated based on a risk
level of 1 x 10 for each contammant Depending on the number of contaminants present the
summed residual risk may therefore be shightly hagher than 1 x 10° hence the defined acceptable

range

Review of the groundwater COCs and the associated exposure pathways resulted n the following
RAOs

1) Prevent the mhalation of ingestion of and/or dermal contact with VOCs and mnorganic
contaminants 1n OU 1 groundwater that would result 1n a total excess cancer nsk
greater than 10* to 10 for carcinogens and/or a hazard index greater than or equal
to 1 for non carcinogens

2) Prevent migration of contaminants from subsurface soils to groundwater that would
result 1n groundwater contamination 1n excess of potential groundwater ARARs for
OU 1 contaminants

3) Prevent migration of contaminants n OU 1 groundwater from adversely impacting
surface water quality in Woman Creek

These RAOs have been used to determine the area or areas within OU 1 requiring remedial
action evaluation The RAOs have been further quantified through the development of PRGs

2 3 Preliminary Remediation Goals

Thus section presents the sources of information used for identifying appropriate PRGs for OU 1
PRGs are generally 1dentified through use of readily available information such as chemical
specific ARARs or other relhiable information (EPA 1990a) Where ARARs or to be
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considered (TBC) criteria are not available, PRGs are developed on the basis of a 10°° point of
departure nisk for each chemical within a given medium This also apphies when ARARs are
not considered sufficiently protective because of the presence of multiple contaminants or

multiple pathways of exposure

Note that PRGs developed at this stage are considered mitial goals which may be modified
through the course of the CMS/FS Final remediation goals are not selected until the remedy
selection phase of the CMS/FS according to the NCP requirements The ARARSs presented 1n
Section 2 3 as well as the risk based PRGs can be considered mmtial cleanup goals however
exact criteria for final remediation will be selected as the CERCLA process proceeds Either
set of criteria could be used a combination could be used or revised PRGs could be used if
necessary The decision as to whether or not revised PRGs are required 1s based on the criteria
described 1n the preamble to the NCP (55 Federal Register [FR] 8717, March 8, 1990) which
states that

Prehminary remediation goals may be revised based on the consideration of
appropnate factors including but not imited to exposure factors uncertainty factors and
techmcal factors

Referring to the detailed analysis of alternatives the preamble also states that

The final selection of the appropriate risk level 1s made when the remedy 1s selected based
on the balancing criteria

Generally chemical specific ARARs take precedence over risk based PRGs however as noted
above final cleanup goals will depend on a variety of factors and will be agreed upon by the
participating agencies (1 e DOE EPA and CDPHE)
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231 Defimition of Applicable or Relevant and Appropriate Requirements

CERCLA Section 121(d)(2) provides a statutory basis for determming ARARs 1n a remedial
action context Concerning hazardous substances pollutants or contaminants that will reman

on site

If any standard requirement criteria or hmitation under any federal environmental law

or any [more stringent] promulgated standard requirement criterza or ntation under a
state environmental or facility siting law 1s legally apphicable to the hazardous
substance concemned or 1s relevant and appropniate under the circumstances of the release
or threatened release of such hazardous substance pollutant or contaminant, the remedial
action shall require at the completion of the remedial action a level or standard of control
for such hazardous substance pollutant or contaminant which at least attains such legally
applicable or relevant and appropnate standard requirement criteria or hmitation [42
Umted States Code (USC) § 9621(d)(2) ]

where applicable requirements are those

cleanup standards standards of control or other substantive environmental
protection requirements criterla or hmtations promulgated under federal
environmental or state environmental or facihty siting laws that specifically address a
hazardous substance pollutant contaminant remechal action location or other
circumstance found at a CERCLA site Only those state standards that are identified by
a state 1n a tmely manner and that are more stringent than federal requirements may
be applhicable

According to the NCP and the CERCLA Compliance with Other Laws Manual (EPA 1988b)

Relevant and appropriate requirements are those cleanup standards standards of
control and other substantive requirements cniteria or limitations promulgated under
federal environmental or state environmental or facility siing laws that while not
applicable to a hazardous substance pollutant contaminant remedial action location
or other circumstance at a CERCLA site address problems or situations sufficiently
similar to those encountered at the CERCLA site so that their use 1s well suited to the
particular site  Only those state standards that are identified 1n a timely manner and
are more stringent than federal requirements may be relevant and appropnate
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Potential chemical specific ARARs have been 1dentified 1 accordance with CERCLA guidance
and the requirements of the NCP {see Title 40 Code of Federal Regulations (CFR) Part 300
Subsection 430(e)(2)(1)] Chemacal specific requirements under a vanety of Federal and state
laws were reviewed to 1dentify potential groundwater chemical specific ARARSs

The NCP also requires an evaluation of current or potential uses of the groundwater as part of
the determination of ARARs (40 CFR 300 430(e)(2)(1)(A)(3) The groundwater classification
at RFETS 1s discussed 1n the context of current and potential future uses of groundwater beneath
ou1

2 3 2 Current Groundwater Classification

The Colorado Water Quality Control Commission (CWQCC) designated the Quaternary and
Rocky Flats Aquifers beneath the RFETS as domestic use quahity agricultural use quality and
surface water protection according to 3 12 7 of 5 Colorado Code of Regulations (CCR) 1002 8
The mtent of these classifications 1s to protect specified groundwater from uncontrolled
degradation and thereby protect existing and future uses of groundwater (5 CCR 1002 8
Subsection 3 11 9)

2 3 3 Selection of Groundwater PRGs

Vanous laws and regulations have been reviewed for general applicability in the search for
potential groundwater cleanup standards at the OU 1 site The laws and regulations reviewed

are

e Safe Drinking Water Act and the implementing Federal and State programs (40 CFR
140 141 and Colorado Revised Statutes (CRS) 25 1 107 109, 25 1 114, and 24-4-104
through 105 ncluding the State dnnking water regulations

e Resource Conservation and Recovery Act and the State s implementing regulations (6
CCR 1007 3) and

e  State Water Quality Control Act and the groundwater quality implementing regulations

OU 1 CMS/FS Report
881 Hillside Area
February 1995 26



(5CCR 10028 3110and3 12 0)

Table 2 1 identifies the numernical standards associated with each of the regulations related to
quality of groundwater Further review of each set of related groundwater regulations and the
guidance established specific to the NCP regulations (40 CFR 300 430 (d)(2)(1)) refined this list
of potential numerical standards The most stringent numeric standards that have been
promulgated and which meet the defimition of general applicability in 40 CFR 300 400(g)(4) are
the State Groundwater Standards n 5 CCR 1002 8 3 11 5 The maximum contaminant levels
(MCLs) established 1n the State and Federal drinking water program are less stringent than the
State Basic Standards for Groundwater The Resource Conservation and Recovery Act
groundwater protection standards do not include MCLs for most of the contaminants of concern
at OU 1 Therefore the State Basic Standards for Groundwater were selected as the potential
chemical specific ARARs The numeric site-specific standards in 5 CCR 1002 8 3 12 O are to
be considered 1n the evaluation of remediation alternatives for QU 1

The statewide standards for groundwater are identified as the 1mtial PRGs for OU 1 and are
presented 1n Table 2 2

2 4 General Response Actions

GRAs are general response strategies that are designed to satisfy remedial action objectives
Examples of GRAs include treatment containment excavation and extraction GRAs are
mediwum specific and therefore a hist of GRAs are developed for each medium of concern
GRAs were 1dentified for the groundwater medium at OU 1 because contaminants of concern
and PRGs are focused on this medium Since subsurface soils are a potential continual source
of groundwater contamination subsurface soll GRAs were also developed which seek to protect
groundwater from possible residual contamination
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Table 2-2
Comparison of Existing Concentrations and Groundwater PRGs
(State Basic Standards for Groundwater)

(ng/0)
Existing IHSS 119 1 Prelminary
Chemuical Concentration Concentration Remediation
(grand mean)! (grand mean)’ Goal?
Volatife Organic Compoads
Carbon Tetrachlonde 81 20 360 6 1
Chloroform (total trihalomethanes) 4 68 16 6
1 1 Dichloroethane 210 494 1 010°
1 2 Dichloroethane 6 10 37 1
1 1 Dichloroethene 283 23 1270 7
1 2 Dichloroethene N/A N/A 328b
cis 1 2 Dichloroethene 052 262 70
Tetrachloroethene 103 48 459 5 5
Toluene 468 16 48 1 000
Total Xylenes 323 609 10 000
1 1 1 Trichloroethane 363 29 16301 200
1 1 2 Trchloroethane 269 767 3
Trichloroethene 371 65 1667 5
| Semii¥olatle Drguie Compounds
Naphthalene N/A N/A N/A
Malals
| setenum 283 4 503 2 10
Lanadmm ] 8 68 433 256°

] FnalPh M RFURIBRA I n 1994

2 CDPHE/WQCC Ba  Standards for Groundwater 3 11 0
PQLs from CDPHE/WQCC Bas Standards for Groundwater 3 11 0

b Programmati Risk Based Prel minary Remed ation Goals SGS 545 94 Octobe 1994 (construction worker scenario)
RCRA Gro ndwater Protection Standard 6 CCR 1007 3 264 94
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2 41 Subsurface Soil General Response Actions

The GRAs 1dentified for the OU 1 subsurface soil medium are no action institutional controls
containment removal disposal in situ treatment and ex situ treatment These GRAs target the
subsurface soil RAO 1dentified earhier n Section 2 2 The RAO 1s focused on prevention of
groundwater degradation from residual subsurface soil sources A brief description of each GRA
1s provided below

® No Action Required by CERCLA as a benchmark for comparison against other
remedial action alternatives This implies that no direct action will be taken to alter
the existing situation other than short and long term monitoring of site conditions

o Insututional Controls Refers to legal controls or management policies which mimmize
exposure to potential contaminants, such as restricting land use

®  Containment For subsurface soils containment would consist of actions which
minimize the spread of contamination and/or minimize the nfiltration of groundwater
which could be contaminated by subsurface soil contamnants

® Removal For OU 1 removal implies excavation of contaminated soils for treatment
or disposal May be combined with extraction of contaminated groundwater in areas
of subsurface soil excavation May also mnclude dust control measures during
excavation to mimmize contaminant migration

e Disposal Disposal mvolves permanent deposition of excavated soils either n an on
site or permitted off site disposal facility It includes disposal without treatment, if
possible or disposal subsequent to treatment measures

®  In Suu Treatment In general 1 situ treatment technologies seek to treat contaminants
1n place without extraction or removal of large volumes of so1l Treatment would seek
to remove destroy and/or immobilize contaminants through biological chemical or
physical means This category includes bioremediation chemical oxidation/reduction
so1l washing thermal recovery enhancement and vapor extraction technmques

®  Ex Suu Trearment Ths GRA 1s similar to 1n situ treatment except that contaminated
soils would be removed before treatment above ground Treated soils would be
disposed of on site or 1n a hcensed disposal facility
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2 4 2 Groundwater General Response Actions

The GRAs 1dentified for the OU 1 groundwater medium are no action 1nstitutional controls
contanment removal 1n situ treatment and ex situ treatment These GRAs target the RAOs
for groundwater The RAOs are focused on prevention of mugration of contaminants in
groundwater and on prevention of ingestion or inhalation of organic compounds 1n groundwater
A brief description of each GRA 1s provided below

® No Acnon Required by CERCLA as a benchmark for comparison agamnst other
remedial action alternatives This implies that no direct action will be taken to alter
the existing situation other than short and long term momtoring of site conditions

o  Insuitutional Controls Refers to legal controls or management policies which minimize
the public s exposure to potential contaminants Examples include controlling well
placement and restricting land use

e  Containment For groundwater containment would consist of actions which minimize
the flux of vapor phase VOCs to the surface and/or mimimize the migration of
groundwater contaminants

® Removal For OU 1 removal imphes extraction of contaminated groundwater for
treatment 1n the existing Building 891 water treatment system or other facilities
Extraction of contaminated groundwater 1n areas of DNAPL may be possible through
soil extraction

e In Situ Treatment In general 1n situ treatment technologies seek to treat contaminants
m place without extraction or removal of large volumes of groundwater or soil
Treatment would seek to remove destroy and/or immobilize contaminants through
biological chemical or physical means

e  Ex Siutu Treatment This GRA 1s similar to 1n situ treatment except that contaminants
would be extracted/removed before treatment above ground Treated groundwater
would be discharged through existing channels (1 ¢ the existing Building 891 water
treatment system)
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2 4 3 Volume and Area Estimates

A volume calculation was conducted for subsurface soils at IHSS 119 1 to estimate a volume for
the potential residual DNAPL sources assumed to be present in IHSS 119 1 The amount of so1l
requinng remediation was estimated by visually inspecting the potential source areas described
1n the Phase III RFI/RI report and by assuming that subsurface soil remediation activities would
attempt to remediate saturated zone soils to a depth of five feet into bedrock Figure 2 1 depicts
the potential so1l excavation area 1dentified for IHSS 119 1 The exact amount of contaminated
subsurface soils cannot be calculated due to the hmited data available for this medium
Limitations on data 1s typical of sites contaminated with residual DNAPLs The excavation area
however 1s estimated to contain approximately 17 500 cubic yards of soil

Based on the results of the QU 1 Phase III RFI/RI report and the BRA 1n particular
contaminated groundwater in OU 1 was found to contribute a significantly higher risk to those
receptors exposed to IHSS 119 1 groundwater than to receptors exposed to groundwater from
other locations n OU 1 IHSS 119 1 was designated a source location in the PHE for this
reason Other areas of the operable umt contain groundwater contaminant concentrations above
detection imits however the concentrations are greatest at thus IHSS (see Figure 2 2)

The quantity of groundwater requiring remedial action 1n the THSS 119 1 source area cannot be
calculated precisely because of seasonal vanations in the water table Instead a lower bound
was estimated using computer codes that compared the bedrock topography beneath the IHSS
to the water level data from wells located 1n this area The wells used to identify and delineate
this area were 0487 0974 1074 4387 32591 and 37991 This lower bound groundwater
volume assumes groundwater beneath the IHSS 1s confined to the identified bedrock
paleochannel This assumption 1s valid only duning low water table conditions An upper bound
cannot be calculated directly since during spring runoff the water table elevation rises above the
bedrock paleochannel and no lateral extent of groundwater contamination specific to IHSS 119 1
can be measured distinctly from other groundwater at OU 1
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The Phase IIT RFI/RI report contains several saturated thickness maps for OU 1 during a typical
dry penod These maps were used to estimate the volume of contamnated groundwater i the
source location when groundwater levels were at their lowest Using an average porosity of
0 10 (DOE 1994a) the volume of groundwater estimated to be present in the southwest corner
of IHSS 119 1 durning the dry season 1s 80 000 gallons This volume represents a single pore
volume although more than one pore volume would hikely have to be removed to achieve
RAOs During wetter periods groundwater 1n this area may rise above the paleochannel and
thus result in much larger volumes requinng treatment

In addition the Phase III RFI/RI report estimated that the volume of available groundwater n
OU 1 1s between 50 and 5 8 acre feet (16 and 19 million gallons) The volume of
groundwater estimated to be beneath IHSS 119 1 and the volume of groundwater beneath OU 1
are used to estimate remediation requirements however because groundwater elevations in
OU 1 are lighly dependent on seasonal vanations 1n precipitation these values are engineering

estimates only

5 Identification and Screening of T

This section summarizes the technologies and process options that were identified for
remediation of OU 1 The section also describes the options that were maintained for further
evaluation based on an mtial screeming of technologies The imitial screenming considered
techmcal implementability apphicability and feasibiity for site specific contaminants and
conditions This 1mtial screemng ehminated remedial technologies and process options that did

not warrant further consideration at OU 1 A summary of the imtial screening of technologies

for both groundwater and subsurface soils are presented 1n the following sections

The remedial technologies and process options 1mtially identified for subsurface soils at QU 1
by GRA are listed in the following bulleted list
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. Institutional Controls

e  Access restrictions
— Legal restrictions on land use

Containment

e Horzontal subsurface flow control
—  Subsurface drains
— Grout curtains
—  Slurry walls
—  Sheet pilings
—  Cryogemc barrier

e Vertical subsurface flow control
— Grout 1njection
— Block displacement

Removal

e  Excavation
— Loader/excavator/dozer

| . e  Dust control

Dust suppressants
Temporary structures

Disposal

e  On Site disposal
Engineered on site disposal facility
Permutted off site disposal facility

In situ Treatment

e Biological
— Bioremediation

e Chemical
— Chemical oxidation/reduction

e  Physical
Soil flushing
Vitrification
. — Radio frequency/ohmic heating
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‘ — Vapor extraction
’ — Hot air/steam stripping with mechanical mixing

Ex Situ Treatment

* Biological
— Bioremediation
— Land applhcation

¢  Chemical
— Ultraviolet photolysis with chemical oxidation
—  Solvent extraction

®  Physical
Soi1l washing
Stabilization/Sohdification

e  Thermal

Incineration
Thermal desorption
Vitrification

The preceding technologies and process options were systematically screened to reduce the
number to a more representative group of remedial technologies and options The screemng was
performed by examining the techmcal implementability of each technology and/or process option
for subsurface soils at OU 1 Fagure 2 3 depicts the subsurface soil remedial technology and

process options screening activities

Subsurface soil remedial technologies and process options that were maintamned for further
evaluation are as follows
Institutional Controls

®  Access restrictions
— Legal restrictions on land use

Containment

. e  Hornzontal subsurface flow control
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—  Subsurface drains
— Grout curtains

—  Slurry walls

—  Sheet pilings

—  Cryogemc barmner

e  Vertical subsurface flow control
—  Grout 1njection
—  Block displacement

Removal

¢  Excavation
— Loader/excavator/dozer

e Dust control
Dust suppressants

Disposal
®  On Site disposal
Engineered on site disposal facility
Permutted off site disposal facility

In situ Treatment

¢  Biological
— Bioremediation
¢  Physical
Soil flushing
— Radio frequency/ohmic heating

— Vapor extraction
— Hot air/steam stripping with mechamcal mixing

Ex Situ Treatment

¢ Biological
— Bioremediation
e Chemical

—  Ultraviolet photolysis with chemical oxidation
— Solvent extraction
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e  Physical
Soil washing

e  Thermal

Incineration
Thermal desorption

2 5 2 Identification and Screeming of Technologies and Process Options for Groundwater

The following remedial technologies and process options were 1dentified for groundwater at OU
1

No Action

e  Momnitoring
—  Groundwater monitoring

Institutional Controls

e  Access restrictions
— Legal restrictions on well placement
— Legal restrictions on land use

Containment

e  Honzontal subsurface flow control
—  Subsurface drains
— Grout curtains
—  Slurry walls
—  Sheet pihings
—  Cryogenic barrier

e  Vertical subsurface flow control
— Grout mjection
— Block displacement

Removal

e  Passive removal
—  Subsurface drains
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Active removal

— Hornizontal and/or vertical extraction wells or sumps

In situ Treatment

Biological
— Bioremediation

Chemical
— Polymerization
— Chemical oxidation

Physical

—  Aur sparging

—  Vapor extraction

— Permeable treatment beds

— In situ adsorption with wells (proprietary process)

Ex situ Treatment

These technologies and process options were systematically screened to reduce the number of
options to a smaller and more representative number appropriate for the development of remedial
alternatives The screeming was performed by examining the techmcal implementabihity of each

Biological
— Bioremediation

Chemical
— Solvent extraction
—  Ultraviolet photolysis with chemical oxidation

Physical

— Gamma wrradiation

— Activated carbon or carbonaceous adsorbents
—  Aurr strnipping

— Membrane processes

— Evaporation

—  Freeze crystallization

Thermal

— Incineration

— Plasma arc discharge
— Catalytic oxidation
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technology and/or process option for OU 1 groundwater The screemng process 1s depicted 1n
Figure 2-4 Technologies and/or process options that were mantained for further evaluation are
as follows

No Action

®  Momtoring
— Groundwater monitoring

Institutional Controls
®  Access restrictions
— Legal restrictions on well placement
— Legal restrictions on land use
Containment

e  Hornzontal subsurface flow control
—  Subsurface drains

Removal

e  Passive removal
—  Subsurface drans

¢ Active removal
— Honzontal and/or vertical extraction wells or sumps

In Situ Treatment

¢  Biological

— Bioremediation
e  Physical

— Vapor extraction

Ex Situ Treatment

e  Biological
— Bioremediation
¢  Chemical

— Ultraviolet photolysis with chemical oxidation
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®

¢  Physical
— Activated carbon or carbonaceous adsorbents
—  Arr stripping

¢  Thermal
— Plasma arc discharge
— Catalytic oxidation

2 6 Evaluation and Selection of Representative Process Options

Remedial technologies and process options determined to be implementable at OU 1 were
subjected to a more detailed evaluation to determine which process options should be used to
develop alternatives This more detailed evaluation was performed by comparing the ability of
each process option to satisfy three criteria, effectiveness, implementability and cost

Site specific conditions were considered in the evaluation of remedial technologies and process

options The following site charactenistics were prominent factors 1n the evaluation

® In general levels of contamination n groundwater are relatively low
e  Contamunant distribution 1s largely sporadic or ubiquitous
®  Aqueous concentrations at IHSS 119 1 indicate the potential for DNAPLSs

® Underlying low permeability unweathered bedrock surface serves to channel
groundwater flow

®  Overall low permeability and high degree of heterogeneity of saturated unconsohdated
surficial matenals contributes to preferential flow potential

The evaluation of process options for subsurface soils 1s presented in Figure 2 5 while the

evaluation of process options for groundwater 1s presented 1n Figure 2 6

Rather than evaluating each potential process option representative process options were
designated to represent a class of remedial technologies that could be apphed at OU 1 This
improves the efficiency of the evaluation and allows for flexibility 1n the final selection of
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process options within the chosen class of remedial technologies Preference was given to
technologies and process options which address both groundwater and subsurface soil
contamination at OU 1

Considering these factors the following representative process options were selected for

alternative development

Hot air/steam stripping with mechamical mxang
Vapor extraction
radio frequency (RF)/ohmic heating

®  Groundwater monitoring

® Legal restrictions on well placement

e  Legal restrictions on land use

®  Subsurface drains

e Horizontal and/or vertical extraction wells or sumps
¢  Loader/excavator/dozer

[ ]

[ ]

[ ]

The evaluation of process options to treat extracted groundwater favored the selection of the
existing Building 891 water treatment system Since the system has been proven to effectively
treat the contaminants present in QU 1 groundwater (except CCl, planned modifications to the
system will effectively address this deficiency) and since the capital costs have already been
incurred for designing and constructing this system this process option is the most favorable for
aboveground treatment of groundwater Thus other process options for ex situ treatment of
groundwater including plasma arc discharge catalytic oxidation and air strpping were not
considered 1n the development of remedial action alternatives Plasma arc discharge and
catalytic oxidation have prohibitive operating costs for low contaminant concentrations such as
those at OU 1 Aur stripping does not destroy or immobihize contaminants and would require
treatment of large quantities of off gases

The limited abihity to uniformly and appreciably remove contaminated groundwater from the low
permeability heterogeneous unconsolidated materials combined with the complex nature of the
bedrock system beneath OU 1 favored treatment that would remove residual sources (e g

DNAPL zones) to the greatest extent possible Removal of these sources should be conducted
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in a manner that mimmizes the potential for mobilizing contaminants to move further wmnto the
bedrock system as well as introducing new potential contammants to the subsurface

Consequently process options such as surfactant flushing are not appropniate Thas 1s the case
because the subsurface geology may seriously limit umform distribution of surfactants in the
subsurface meaning treatment effectiveness throughout the entire contaminated zone may not
be sigmficantly increased Further the decreased surface tension induced by surfactants can
enhance the mobility of contaminants through otherwise relatively impermeable materials OU 1
bedrock has been characterized as fractured meaning a decreased surface tension between
DNAPLs and groundwater could cause sigmficantly greater contaminant migration into bedrock

Finally surfactants will adversely affect operation of the Building 891 water treatment facility

meamng an additional surfactant recycle umit operation would be necessary prior to water
treatment The increased capital costs of a recycle system along with the high operating costs
for separation processes such as surfactant recycle negate the marginal effectiveness increase
1n treatment associated with surfactant flooding

Other process options that require imjection of additional fluids into the subsurface (e g

bioremediation and so1l flushing) are also not favorable at OU 1 The complex nature of OU 1
subsurface geology and the hmited availability of groundwater make systems which rely on
homogenous distribution of flushing agents or nutrients difficult to implement Preferential
groundwater flow pathways and tightly consolidated soil matrices make imjection difficult to
control  Moreover since DNAPL zones are hkely to exist 1 1solated areas 1injection

technologies are unlikely to be effective 1n remediating these areas

In addition to the problems related to preferential flow through the heterogeneous low
permeability materials bioremediation was not included 1n the development of remedial action
alternatives for the following additional reasons

e The effectiveness of bioremediation at OU 1 1s hmited by the nature of the
contaminants identified Although laboratory studies have shown up to 90 percent
reduction of TCA and TCE concentrations under ideal conditions researchers are
skeptical as to the full scale apphcability of bioremediation under field conditions
stating that implementation of biodegradation of chlorinated hydrocarbons i field
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situations may be limited by the toxicity of high concentrations of these compounds to
microorganisms and by the slow rate of degradation possible (Baker et al 1994)

e PCE amajor OU 1 contaminant 1s a highly refractory compound (resistant to decay)
for which there 1s no established field method for degradation at rates which make
treatment practical

e Bioremediation 1s not effective in treating morgamics such as selennum  An
aboveground treatment system could be used to remove selemum from extracted
groundwater however this would most hkely limit the effectiveness of remjection
systems that recycle nutrients or non indigenous bacteria

e Site conditions at QU 1 particularly flmd circulation hmit the techmcal
mmplementability of bioremediation at OU 1 The Phase III RFI/RI demonstrates the
lack of a consistent defined water source beneath IHSS 119 1 Well and borehole data
m the area have mdicated varying water table levels and depths of saturated zones
Implementation of bioremediation at OU 1 would require myection of large volumes
of water to provide nutrients and/or non indigenous bactera to treatment zones This
might mobilize and spread contamimnation and accelerate slumpmng at OU 1
Expenience with installation of the french drain system has indicated that slumping 1s
a serious concern for unsaturated conditions and would be more serious for the ughly
saturated conditions that would be required to implement bioremediation

For the medium of subsurface soils thermal desorption was chosen as the representative process
option for ex situ treatment of contaminated subsurface soills Thermal desorption offers the
most cost effective method of contaminant removal for the sporadic contaminant distribution
found at OU 1 Chemical and physical treatments such as ultraviolet photolysis chemical
oxidation solvent extraction and soil washing require the addition of liquids to effect a mass
transfer from solid to liquid media The resulting liquid could not be treated 1n the Building 891
water treatment facility without pre treatment due to the presence of strong oxidizers solvents

and/or dissolution agents Thus a separate hquid treatment process to treat the secondary hquid
waste would be required The capital costs associated with such a treatment process as well
as the expense of solvents washing agents and oxidation reagents exceed the energy costs
associated with thermal processes Thermal desorption was selected over incineration due to the
low levels of contamination at QU 1 and the relatively low heating value of chlormnated organics

The hgher temperatures required for incineration would require excessive secondary fuel

sources Since thermal desorption operates at significantly lower temperatures energy costs
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would be substantially lowered relative to incineration

Due to the limitations of soil flushing and bioremediation discussed previously standard and
thermally enhanced vapor extraction process options were selected as in situ subsurface soil
treatments for alternative development and will be used 1n conjunction with hmited groundwater
pumping to remove contaminated groundwater and potential residual DNAPLs from OU 1

subsurface soils

Other options retamed for alternative development include excavation which was retamned to
provide conceptual variety to the alternatives presented for remediation at OU 1  Excavation
could be used to remove subsurface soils or to locate pools of contaminated groundwater
ensuring that any residual DNAPL zones are removed In addition, process options were
retained that would result n the assembly of limited or mimimal action alternatives including
groundwater monitoring use of the existing French Drain system, and institutional controls
These options are also discussed 1 Section 3 0

2 7 Existing IM/TRA Treatment System

The existing Building 891 water treatment system (UV/H,0, and 10n exchange) will be essential
for proposed remedial action alternatives for OU 1 and other operable umts that require
aboveground groundwater treatment The system constitutes a comprehensive process treatment
train for treating water contammated with organmic and immorgamc (including radionuchde)
contammants (see Figure 2 7) The system consists of a collection and pumping system to
supply the treatment facihity an influent storage and transfer system separate treatment systems
for orgamic and norganics contaminants and an effluent storage and discharge system The
system 1s designed for a 30 gpm flow rate capacity and has equalization tanks to normalize
treatment rates

The french drain collection and pumping system includes the recovery well pump located 1n

IHSS 119 1 and two french drain sump pumps These pumps are normally controlled by level
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switches mn the well or sump that determine whether the pumps operate The collection system
connects to the influent transfer system which includes two influent equalization tanks and two
influent transfer pumps The influent transfer pumps supply water from the influent equalization
tanks to a UV/H,0, treatment unit at a constant rate The UV/H,0, umt 1s designed to destroy
organic contaminants in the mfluent stream

Treatment efficiency depends on flow rate (residence time) H,O, concentration and UV
wavelength intensity The system has a design throughput of 30 gpm or 14 400 gallons per day
(gpd) with an 8 hour operating shift It uses 50 mg/¢ of H,0O, with sixteen 15 kW UV lamps
providing an equivalent power of 240 kW for breaking down organics

When the water leaves the UV/H,0, system 1t enters the 10on exchange system which consists
of the 10n exchange surge tank four columns contaiming beds of 10n exchange resins and a

degassing tower The 10n exchange system processes the water 1 the following sequence

1  The water enters the 10n exchange surge tank and 1s pumped at a constant rate into the
first 10on exchange column This column contains 28 cubic feet of Ionac A-440 a
strong base anion resin for removing uranium

2  The water then flows directly to the second column which contains 32 cubic feet of
Ionac CC a weak acid cation resin for removing heavy metals

3  The water then enters the degassing tower to allow carbon dioxide and other gases
produced during the UV/H,0, process to escape Excessive gas content in the 1on
exchange columns could cause short circuiting of the resins thereby reducing the
efficiency of the system

4  The water 1s then pumped to the third 10n exchange column which contains 56 cubic
feet of Ionac C 240H a strong acid resin for removing hardness and metals

5 The water then enters the fourth and final column which contamns 56 cubic feet of
Ionac AFP 329 a weak base amion resin for removing amons

6 The water which 1s now treated 1s stored in one of three effluent storage tanks and
discharged by gravity feed
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3 0 DEVELOPMENT OF REMEDIAL ACTION ALTERNATIVES

This section presents the alternatives that were assembled for remediating the groundwater
medium at OU 1 These alternatives were assembled using the technologies 1dentified in Section

2 0 which summarizes the evaluation and selection of technologies and process options

Utihizing the existing Building 891 water treatment system 1s an mntegral component of all the
alternatives presented 1n this section with the exception of the No Action alternative The
Building 891 treatment system 1s currently used for treating water from OU 1 and may also be
used for treating contaminated water from other areas of the RFETS Planned modifications to
the system will allow 1t to treat igher concentrations of contaminants prior to mitiation of any
remedial activities at OU 1 The details of the planned modifications are discussed 1n Section
20

3 1 Introduction

Remedial action alternatives were developed by combimng process options selected as

representative  based on results of the evaluation of process options and technologies Process
options were combined to develop alternatives ranging from treatment alternatives that eliminate
or mmmmize the need for long term management to hmited or no action alternatives This range
of alternatives includes containment options that involve little or no treatment but achieve RAOs
by preventing exposures or by reducing the mobility of contaminants The No Action alternative
was developed to provide a basehne alternative against which other alternatives could be
compared In all cases the alternatives were developed with the goal of achieving the RAOs
of preventing nhalation ingestion and dermal contact with VOCs preventing migration of
contaminants from subsurface soils to groundwater and protecting Woman Creek surface water
from contamination as presented n Section 2 0 by combinng appropriate GRAs to form site
specific remediation strategies

The alternatives that were developed for remediation of OU 1 are the following
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. Alternative 0 No Action
° Alternative 1 Institutional Controls with the French Dramn
. Alternative 2 Groundwater Pumping and So1l Vapor Extraction

° Alternative 3  Groundwater Pumping and Soil Vapor Extraction with Thermal
Enhancement

o Alternative 4 Hot Aur Injection with Mechamical Mixing

o Alternative 5 Soil Excavation with Groundwater Pumping

Figure 3 1 depicts a summary of the development of remedial action alternatives The figure
presents the GRAs and process options that were combined to form the various alternatives
After developing alternatives for remediation of OU 1 the alternatives were evaluated 1n detail,
and the results of this analysis are presented i the Detailed Analysis of Alternatives 1 Section
40

3 2 Remedial Action Alterngtives

Groundwater remedial action alternatives were developed that could potentially achieve the
RAO:s described 1in Section 2 0  The primary risk pathways that determined which GRAs would
be used to develop alternatives were based on the OU 1 BRA, which indicated that ingestion of
groundwater and nhalation of vapors rising up through unsaturated soils were of most concern

The following alternatives were designed to achieve RAOs by removing and destroying the
contaminants 1n groundwater removing subsurface sources of residual contamination restricting
access to wells positioned within the boundaries of OU 1 and/or limiting access to the entire
site  These alternatives assume that surface soil hotspots would be removed prior to
commencing remedial activities and would be put into temporary storage for treatment with
similar wastes from QU 2 or shupped off site for immediate treatment and/or disposal
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321 Alternative 0. No Action

The No Action alternative was developed to meet the requirements of the NCP which specifies
that a No Action alternative should be developed regardless of site specific conditions (EPA
1990a) The No Action alternative provides a baseline against which other alternatives can be
compared during the detailed analysis of alternatives The No Action alternative uses the results
of the BRA to define exposure levels to receptors at the site under existing conditions and does

not include any remedial activities

The existing French Dran collection system would be discontinued under this alternative
Collection of groundwater from the existing collection well and French Drain would be
discontinued Groundwater would be allowed to flow down the hillside and around the French
Drain toward Woman Creek

The only activity associated with the No Action alternative 1s groundwater monitoring to detect
changes in contaminant concentrations or mugration patterns Momtoring would begin
immediately and would continue until 1t 15 determined that monitoring 1s no longer required
Exasting wells no longer deemed necessary would be abandoned as appropriate

There 15 no remedial time frame for this alternative since the alternative relies solely on natural
degradation and attenuation processes to meet RAOs For the purposes of detailed analysis a
30 year momtoring time frame 1s assumed in accordance with EPA guidance

322 Alternative 1. Institutional Controls with the French Drain

Alternative 1 seeks to achieve RAOs by restricting access to wells impacted by OU 1
contaminants through institutional controls while continuing to treat groundwater collected by
the existing French Drain at the Building 891 water treatment system Institutional controls
would also be employed to prevent unauthorized construction and groundwater usage 1n all areas
of OU1 Degradation of groundwater would be mimmized by continued containment and
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treatment of groundwater Subsurface residual sources would eventually be depleted by
dissolution to groundwater The capture of groundwater with the French Dran and use of
mstitutional controls to reduce exposure are both established remedial options Thus alternative
targets groundwater 1n the areas of IHSS 119 1 south of Building 881 and a portion of IHSS
119 2 for remediation Institutional controls would be employed throughout OU 1

The existing French Drain and Building 891 treatment system would continue to operate until
it 1s deemed no longer necessary The modifications discussed 1in Section 2 0 are assumed to
have been completed for the purposes of detailed analysis Groundwater momitoring would begin
immediately and continue for as long as required to verify that contaminant concentrations in
groundwater have been permanently reduced below appropriate limits Wells no longer deemed
necessary for momtoring would be abandoned as appropriate

The Building 891 treatment system has a design flow rate of 30 gpm but the system currently
operates intermittently as volumes of collected groundwater dictate Current average flow from
OU 1 sources 1s estimated at 10% of the design capacity or 3 gpm (DOE 1994d) The rate of
treatment 1s dependent on the amount of groundwater available at the French Drain

Wastes generated as a result of this alternative will be managed in comphiance with applicable
regulations The wastes include spent GAC from the off gas treatment system and Building 891
water treatment system regenerant solution from ion exchange resin regeneration from the
Building 891 water treatment system and wastes associated with monitoring well installation
such as dnill cuttings and decontamination water The decontamination water could be sent to
Building 891 The regenerant solution from the spent 10n-exchange resins will be pH neutralized
and sent to Building 374 for evaporation 1n accordance with current operational practices The
spent GAC will be sent off site for regeneration Alternative 1 however does not present any
admunistrative or legal difficulties since 1t represents a continuance of current operations at OU

1

There 1s no remediation time frame defined for Alternative 1 since the French Dramn system 1s

OU 1 CMS/FS Report
881 Hullside Area
February 1995 35




currently operational and would continue to operate until acceptable contaminant concentrations
are achieved Based on current operations of the existing French Drain system 1t 1s reasonable
to assume that due to the slow groundwater collection rate operation of the French Drain system
would be required for an extensive period of ime Experience with similar remedial actions at
DNAPL contaminated sites suggests extremely long time frames for complete residual depletion

For the purposes of detailed analysis cost estimates a 30-year time frame for remedial activities
1s assumed based on EPA guidance

323 Alternative 2. Groundwater Pumping and Soil Vapor Extraction

This alternative seeks to achieve RAOs by dewatering the IHSS 119 1 source area using
conventional pumping techmques and the implementation of a localized SVE system Rusk from
contaminated groundwater will be elimnated by extraction and treatment while further
degradation of groundwater will be mmmimized by removal of residual DNAPL sources through
SVE The combined technologies proposed under this alterative are considered emerging
technologies which may be more effective combined than when apphied individually In
general this alternative targets only the identified source area within IHSS 119 1 although
additional vapor extraction wells could be installed 1n other areas to treat suspected DNAPL
sources based on the results of a detailed soil gas survey to be conducted prior to remediation

SVE would assist the vaporization and subsequent recovery of contaminants present in the
saturated soils unsaturated soils and groundwater at OU1  The technology targets
contaminants that have partittoned to the agueous phase in the subsurface adsorbed onto
subsurface soils exist as pools of DNAPL or occupy soil pore spaces as vapor Groundwater
residing 1n shallow pools throughout THSS 119 1 would be extracted via the existing French
Drain and one to three additional recovery wells Collected groundwater would be treated by
the existing Building 891 water treatment system or another appropnate facility with the
modifications discussed in Section 2 These same areas once desaturated would be subjected
to SVE to enhance the removal of any residual contaminants
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In general soil vapor extraction 1s an 1n situ physical treatment technology that has been used
primanly to remediate soil and groundwater contaminated with VOCs A typical SVE system
consists of either a single or if necessary a network of vapor extraction wells screened at
depths consistent with the contaminated soils If multiple vapor extraction wells are used they
are usually jomned together by a common header pipe Makeup or clean airr replacing the
contaminated soi1l gas removed through SVE enters the soil either passively via the ground
surface and/or inlet wells or actively via air injection wells Channeling or short circuiting,
of the makeup air may be mmmized and the air redirected through the desired treatment zones,
by the placement of a geotextile liner on the ground surface surrounding the SVE wells

The basic principle behind SVE 1involves mnducing vapor flow through the unsaturated zone
towards an extraction well by applying a vacuum to that well Contaminants volatilized from
the soil matrix and those that are already 1n the vapor phase are swept by the carrier gas flow
(air) to the extraction well(s) The carrier gas also tends to increase the volatilization of any
aqueous phase or free phase DNAPL contaminants 1n the viciity There are three main factors
that control the performance of an SVE operation (a) the vapor flow rate through the
unsaturated zone (b) the flow path of carrier vapors relative to the location of the contaminants
and (c) the chemical composition of the contaminants (Johnson et al 1989)

To successfully design and operate an SVE system site geology and contaminant properties must
be considered Site geology can have a significant influence on a vapor extraction well s radius
of influence Geological factors include depth to groundwater, subsurface soil/rock type and
subsurface permeability which must be great enough to allow carner vapors to strip VOCs from
the subsurface matrix and carry them to an extraction well Soil vapor extraction performance
15 also dependent on the charactenistics of the contaminants targeted for extraction A compound
1s a likely candidate for SVE if 1t has a vapor pressure of 1 0 mm or more of mercury at 20°C
and a dimensionless Henry s Law constant greater than 0 01 (Danko 1989) Table 3 1 presents
these values for the pnnmary VOCs under consideration at OU 1 as well as other general physical
and chemical data These five VOCs were chosen for evaluation of SVE due to their high
concentrations relative to other VOCs detected and their wide range of Henry s Law constants
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Table 3 1
Physical and Chemical Properties of the Primary VOCs in Groundwater

‘ﬁ T — e a——
Boiing | Aqueous Henry s Law
Molecular | Specific | Pomt | Solubibty { Pressure Constant
Chemical Formula Weght® | Grawity® | (C)® | (mg/t) | (mm Hg) | (Dmensiwonless)™
— —— —

Carbon Tetrachlonde CClL, 153 82 159 765 757 920 1 002
1 1 Dichloroethene C,H.Cl, 96 94 122 370 2 250 182 1414
Tetrachloroethene C.Cl, 165 83 162 121 150 178 1 076
111

Trichloroethane C,H,Cl, 133 39 134 751 1 500 100 0 599
Trichloroethene 579 0378

from Basics of Pump-and Treat Ground Water Remediation Technology EPA/600/8 90/003 Office of Research

and Development March 1990
from Selecting Process Equipment vol 1 Woods McMaster Unmiversity Canada 1990

at20 C
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The use of these five compounds for analysis of the SVE alternatives should yield a good
approximation of the actual performance of SVE for the site The data shown 1n Table 3 1
mdicate that all of the VOCs under consideration are amenable to recovery by SVE A
conceptual view of the proposed configuration of an SVE system 1s presented in Figure 3 2

For this alternative 1t 1s assumed that approximately 36 vapor extraction wells would be nstalled
1 THSS 119 1 and 1n other areas if deemed appropriate A detailed soil gas survey would be
conducted prior to installing these wells 1n order to determine exact well locations and any
additional areas warranting remediation Wells would be 1nstalled to a depth of approximately
20 feet and would be 4 to 6 mches in diameter These wells would be operated cyclically to
enhance recovery and would be used 1n combination with a granular activated carbon (GAC) unit
to treat extracted vapors Cychical operation would allow contaminant concentrations 1n soil gas
to return to near equihbrium levels during non operation thus increasing the mass of
contamination removed per volume of air extracted Higher concentrations 1n the extracted air
stream would decrease operating costs while the cycled operation of various wells would allow
the use of less expensive equipment due to decreased capacity needs

The existing French Drain and Building 891 treatment system would continue operation during
remedial activities to collect any contaminated groundwater existing downgradient of the
treatment area and not removed through dewatering activities  After source removal and
groundwater plume remediation the French Drain could be decommissioned Without regular
pumping of the sump pumps located 1n the French Drain water would begin to flow around the
French Drain and continue toward Woman Creek Groundwater monitoring would be employed
for the entire duration of this alternative to ensure water flowing around the drain meets PRGs

Wastes generated as a result of this alternative will be managed in comphance with applicable
regulations The wastes include spent GAC from the off gas treatment system and Building 891
water treatment system regenerant solution from 1on exchange resin regeneration from the
Building 891 water treatment system and wastes associated with well installation such as dnill
cuttings and decontamination water The decontamination water could be sent to Building 891

OU 1 CMS/FS Report
881 Hillside Area
February 1995 310




The regenerant solution from the spent 10n exchange resins will be pH neutralized and sent to
Building 374 for evaporation 1n accordance with current operational practices The spent GAC

will be sent off site for regeneration

The total remediation time frame associated with this alternative 1s approximately seventeen
years Estimated time frames associated with various component remedial activities are three
months for the detailed soil gas survey three months for mobilization/demobilization and four
years for treatment Once the SVE system was decommussioned the French Drain would
continue operating for 10 years to remediate the groundwater plume currently flowing down the
hillside  Momtoring would continue for an additional three years after decommissioning the
French Drain to ensure that contaminant levels remain below PRGs The GAC air treatment
umt for SVE umt would most hikely require a National Emassion Standards for Hazardous Ar
Pollutants (NESHAPs) permit to operate however this would not present any unusual

administrative constraints

324 Alternative 3. Groundwater Pumping and Soil Vapor Extraction With Thermal
Enhancement

This alternative seeks to achieve RAOs through combining SVE as described i Alternative 2
with thermal recovery enhancement techmques Groundwater extraction 1s employed to treat
contamnated groundwater while SVE with thermal enhancement 1s used to remove residual
contamination sources The alternative considers two inovative treatment technologies that can
effect an increase 1n subsurface soil temperatures — radio frequency heating and electrical
resistance (ohmic) heating  Both technologies are discussed below although for the purposes
of detailed analysis radio frequency heating 1s analyzed further whereas ohmic heating 1s
merely assumed to be potentially apphcable at OU 1 and 1s not included 1n the detailed analysis
of alternatives A plan view of the alternative, including the treatment area with approximate

well locations 1s included as Figure 3 3
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dio Frequency Hi

RF heating was selected as one of the two representative process options to effect an elevation
1n temperature of the subsurface matenals at OU 1 that are contaminated with those contaminants
that are VOCs RF heating 1s an innovative in situ technology for volatihizing organic
constituents 1n soil and water as well as vaponizing pore space moisture The technology 1s
desirable since additional chemicals are not introduced mto the subsurface and no special

arrangement (¢ g gnds) are necessary as in conventional ohmic heating

The 1n situ RF heating process requires mimmal intrusion, using 3 to 6 inch diameter boreholes
contamning strategically placed antennae 1n the desired treatment area Through a combined
mechamism of ohmic and dielectric heating, the temperature in the media 1s raised and the
volatile and semivolatile orgamic constituents are volatiized (Kasevich 1992)  Volatilized
organics are then collected with the vapor extraction system and subjected to further treatment

RF heating 15 expected to supplement vapor extraction in a manner that allows for quicker
recovery of VOCs from certain areas of the subsurface Specifically heating VOC source areas
can expedite VOC recovery in the vapor form (1 ¢ hotspots are hikely to contain aqueous

DNAPL and adsorbed phase VOCs which would be driven to vapor under elevated temperature
conditions) Figure 3 4 illustrates a simple application of RF heating combined with vapor
extraction for this alternative

The dielectric loss of a matenal (1 ¢ the amount of energy a matenal dissipates as heat when
placed mn a varying electric field) contnibutes to the heating of the contaminated media An
mdicator of a materal s ability to successfully absorb electromagnetic energy 1s 1ts dielectric
constant Most soils have suitable dielectric constants that allow for effective treatment Water
and/or soil moisture 1s vaporized by RF energy however steam 1s transparent to RF energy and
does not continue to absorb radiation energy While the steam may become superheated this
occurs only by energy conduction from the solid media and not from direct electromagnetic
energy absorption The steam 1n turn serves to heat surrounding matenals enhancing additional

vaporization Thus, water and/or soil moisture does not present a hindrance to the treatment
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process Fractures and voids within the contaminated matrix also do not present treatment
problems since thermal conduction 1s not the primary heat transfer mechamsm Densely packed
souls are well suited to this treatment as are other consohdated geologic materials A variety of
heating profiles can be generated by mampulating the subsurface placement of RF antennae therr
operating frequencies and the phase output of the different antennae  Virtually uniform heating
within a spectfied volume can be achieved with mmmimal heating of surrounding matenal using
a properly designed configuration Thus localized treatment can be attained with proper design

RF heating has been shown to be capable of increasing soil temperature to approximately 500°F

This temperature would be great enough to volatilize both sorbed and potentially dissolved phase
contaminants (¢ g aqueous phase) mn the subsurface materials as well as drive off any moisture
in nearby pore spaces The temperature of the subsurface medium would be raised gradually

therefore vapor extraction wells would be able to extract vapor as 1t 1s generated The heating
and resulting steam/vapor generation rate could be controlled so that the capacity of the vapor
recovery system would not be exceeded Such control would prevent the spread of
contamination by steam plume expansion Also, RF heating would only be implemented 1n the
vicity of a vapor extraction well Placement of an RF heating antennae 1n this manner would
provide assurance that RF heating would not lead to a spread of contamination A vapor
recovery system supplemented with RF heating would likely require additional air drying
capacity since 1t 1s expected that the RF heating system would lead to the extraction of a greater

amount of soil moisture than conventional vapor extraction

The primary piece of equipment of this alternative 1s the applicator antenna which 1s placed 1n
a borehole This antenna 1s generally a flexible component of varying length that radiates
electromagnetic energy 1n the form of radio frequency waves The energy oniginates from a
generator at the surface and 1s transmutted to the antenna via a metal coaxial cable Standard
drilling equipment can be used to complete a borechole The borehole 1s generally cased with
fiberglass or a similar matenal that 1s transparent to electromagnetic radiation The antenna can
be placed 1n vertical or honizontal boreholes Also several antennae may be used concurrently

1n various areas with elevated contaminant concentrations
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Locations of RF antennae and vapor extraction wells for cleanup of the volatile subsurface
contammnants at OU 1 are contingent on detailed design through which the optimum system
design would be defined however 1t 1s assumed under thss alternative that RF heating antennae
would be installed 1n vapor extraction wells near the vapor extraction wells being operated The
number of vapor extraction wells required would range from 20 to 40 depending on saturation
levels The spacing between boreholes can range depending on the RF heating frequency depth
mterval of heated volume and properties of the materials heated An array of multiple
boreholes can provide umiform heating of a given subsurface volume Control devices monitor
performance of the RF generator and adjust the outputs to optimize system performance Soil
gas monitoring wells must be 1n place 1n the vicimty of the RF heating antennae These wells
are necessary to momtor for potential mcreased migration of contaminant outside of the radius
of influence of the vapor extraction well(s)

Ohmic Heating

Ohmic heating was also selected as one of the two representative process options to effect an
elevation 1n temperature of the subsurface matenals at OU 1 that are contaminated with volatile
contaminants This technology 1s considered an emerging technology whuch 1s currently being
examined under the OU 2 treatability study program Like RF heating ohmuc resistance heating
1S an 1mnovative 1n situ technology for enhancing the performance of soil vapor extraction by
volatihzing organic constituents m soils and groundwater and by vaporizing pore space
moisture Unlike RF heating however ohmic resistance heating results from the transmission
of an electrical current through the media targeted for cleanup As such a prerequisite for
ohmic heating 1s that the media must be able to conduct an electrical current Ohmic heating
requires the placement of a grid of electrodes and sometimes the addition of water in the area
targeted for remediation The process requires only mmmmal ntrusion and has most often been
implemented using six electrodes installed i a hexagonal pattern to the depth of the
contaminants with a vapor extraction well placed 1n the center of the pattern as shown 1n Figure
3 5 (Aunes et al)
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Six or three phase power can be used to supply current to the mnstalled electrodes There 1s
some benefit with six phase power n that a more uniform heating pattern can be realized 1n the
area bemng treated (Buettner et al) However the increased uniformity comes at the expense
of needing additional equipment to split normal three phase power into six phase Electrodes
are usually constructed of stainless steel tubing which can also serve as passive air inlets

The principle of ohmic heating 1s simple Basically electrical currents are made to flow
between electrodes placed 1n a contaminated region causing resistance heating (much the same
way that passing an electrical current through an oven heating element generates resistance
heating) Current flow through subsurface materals tends to be greatest 1n fine grained soils
such as silts and clays These types of soils are generally less permeable than sands and gravel
thus heating the clays and silts can drive off contaminants contained therein that are not easily
accessible with conventional soil vapor extraction Once the volatile contaminants are driven
out of the less permeable clays and silts into the more permeable sands and gravel they are
more susceptible to recovery by vapor extraction As with RF heating soil moisture can be
heated with ohmic heating to generate steam Steam can provide additional stripping of adsorbed
contaminants Also the removal of soil moisture can increase the air flow permeability of the
so1l being treated thus enhancing the capability of vapor extraction to remove contaminants (but
lessening the ability to continue heating the subsurface with electrical current)

The primary pieces of equipment needed to support ohmic heating include stainless steel piping
(for electrodes) a 60 Hz power supply an optional six phase transformer thermocouples for
monitoring subsurface temperature, and a vapor recovery/treatment system Electrode grnids may
be placed at various locations targeted for treatment Extracted vapors from multiple locations
may be directed to a central treatment location or to individual treatment units

The location of the electrode grid(s) and vapor extraction well(s) for cleanup of the volatile
subsurface contaminants at OU 1 are contingent on treatability test results in which the optimum
system design would be defined however for this alternative 1t was assumed that one gnd
would be nstalled at ITHSS 119 1 This grid would have six electrodes inserted to approximately
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20 feet below the surface 1n a hexagonal arrangement making up a circle with a diameter of
approximately 20 feet Additional gnds would be required to remediate the entire site  As
previously discussed the conceptual approach presented for RF heating 1s carrnied forward for
detailed analysis The information presented here on ohmic heating may be beneficial 1f 1t 1s
selected as the preferred technology prior to implementation of any remedial actions at OU 1

A soil gas survey consisting of approximately 100 probes will be conducted to determine exact
locations of wells and to identify any additional areas warranting remediation There 1s a
possibility that DNAPL pools will be encountered during the remediation and may present a fire
hazard or health and safety concern Procedures will be in place during the remediation to

minimize any hazards or concerns

Based on historical photographs of the drum storage area at IHSS 119 1 and an assumed lateral
DNAPL dispersion through the subsurface soil the dimensions of the primary contaminant
source were estunated at 100 feet by 100 feet by 20 feet Because SVE extraction rates are
optimal in dry soil, the treatment zone will be dewatered by groundwater extraction wells
Imtial dewatering 1s required with intermittent operations to keep the treatment zone dewatered
throughout the entire remedial action

Extracted groundwater will be pumped to the French Drain where 1t will be transferred to the
Building 891 water treatment system described in Section 2 The French Drain will continue
to capture groundwater for 10 years following source removal activities 1 order to capture the
contaminated groundwater plume Three additional years of monitoring will be used to verify

that the groundwater concentrations remain below PRGs

The SVE system will operate as described in Alternative 2 with the exception that radio
frequency antennae will be placed in wells as necessary to maintain elevated subsurface
temperatures Approximately 36 vapor extraction wells fitted for radio frequency antennae will
be drilled with a 30% radws of influence (ROI) overlap m the treatment area Based on the
OU 2 SVE treatability study 1t 1s estumated that 4 inch diameter wells will produce a well head
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pressure of 120 inches of water and a ROI of 10 feet under normal operating conditions With
an estimated soil permeability of 0 05 darcy 1t 1s anticipated that vapor extraction rates will
approach 10 standard cubic feet per mnute (scfm) The treatability study at OU 2 indicated that
extraction rates are optimal during dry conditions so the treatment area will be dewatered during
the remediation  Extraction rates documented during the SVE treatability study at OU 2
decreased from 40 scfm to 5 scfm during wet conditions

Intermittent operation will be utilized to increase the removal efficiency of the SVE system
Preferential vapor channeling, or short circuiting will be mmimized by a geotextile liner
Increased vaporization caused by the elevated temperatures will reduce remediation time as well

as increasing removal efficiencies of the contaminants

Extracted vapors will be transferred to an off gas treatment system such as GAC umt A GAC
system would require two skid mounted GAC vessels placed 1n series and each containing 1 500
pounds of activated carbon each The GAC will need to be replaced approximately every three
months 1e 1,500 pounds every 6 weeks depending on the COC concentrations loading
efficiencies competitive adsorption rates and type of carbon The spent GAC will be
regenerated at an off site facility

Vapor sampling from portals near the wells and GAC umts will be used to determine the
effectiveness of the enhanced SVE system replacement rates for the GAC vessels temperature
and humidity In addition pressure will be momtored at the wells and probes to determine

extraction rates radu of influence and if short circuiting 1s occurring

Wastes generated as a result of this alternative will be managed in comphance with applicable
regulations The wastes include spent GAC from the off gas treatment system and Building 891
water treatment system regenerant solution from 10n exchange resin regeneration from the
Building 891 water treatment system and wastes associated with well installation such as dnll
cuttings and decontamination water The decontamination water can be sent to Building 891

The regenerant solution from the spent 10n exchange resms will be pH neutralized and sent to
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Building 374 for evaporation 1n accordance with current operational practices The spent GAC
will be sent off site for regeneration

This alternative would require a remediation time frame of approximately 15 5 years This
mcludes three months for a detailed soil gas survey three months for mobihization and
demobilization two years for treatment ten additional years of French Drain operation and
three years of groundwater momtoring to ensure that groundwater concentrations remain below
PRGs This would be required to verify that all residual sources of DNAPLSs 1n the subsurface
have been remediated NESHAPs permits would be required for any other gas treatment

systems

This alternative seeks to achieve RAOs through an mnovative 1n situ technology that combines
hot air stripping with vigorous mixing of subsurface media Contaminated groundwater 1s
remedhated through extraction and treatment in the Building 891 facility, while the subsurface
residuals are addressed by source removal with hot air imjection and mechanical mixing

This alternative targets the 1dentified source area 1n IHSS 119 1 but additional areas could be
mcluded based on the results of a detailed so1l gas survey preceding treatment The IHSS 119 1
source area 1§ estimated at 100 fect by 100 feet with a depth to bedrock of approximately 20
feet

This mnovative technology operates under the same basic principles of SVE and thermal
enhancement discussed 1n the previous alternatives but combines these with vigorous mechamcal
mixing to increase treatment effectiveness by ensuring carner gas contact with all contamination

The mixing of the soils by an auger allows homogenous treatment avoiding the possibiliies of
preferential subsurface flow channels that could result in non uniform treatment This system
represents an novative combination of technologies to mcrease treatment effectiveness and

decrease treatment time
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The primary treatment system 1n this alternative consists of a caterpillar mounted dnill rnig with
specialized drilling equipment The drill equipment 1s capable of delivering treatment reagents
such as hot air or steam via piping 1n a hollow drill bit shaft The drill bt has a cutting/mixing
blade which can vary in diameter from 4 to 12 feet Groundwater extraction wells would be
placed n previously treated soil columns Dewatering of a small area prior to treating the mitial
so1l column would be accomphshed via an extraction well drlled with conventional drilhing
equipment Extracted groundwater would be treated through the existing Building 891 treatment
system The dnll ng can produce up to 350 000 ft 1bs of torque sufficient to provide excellent
mixing of subsurface soils as the drill bit descends through the soil column The drill bt also
has multuple mnjectron ports for hot air dehivery The multiple ports provide umiform delivery
of hot air throughout the treatment zone The caterpillar mounted drill rig 1s moved from one
treatment zone to another sequentially until the entire site 1s remediated The treatment columns
or dnll shafts are overlapped by 30% to ensure adequate treatment throughout the entire site
4 to 6 columns can be treated per day depending on site conditions A conceptual view of the
hot air injection and mechanical mixing technology 1s included as Figure 3 6

For volatile compounds such as those at OU 1 a negative pressure shroud 1s placed over the
entire treatment zone to capture off gases for delivery to an onboard off gas treatment system
Mats are placed under and around the nig to ensure that contaminants do not reach the
atmosphere by surfacing outside the shroud The shroud vacuum 1s connected to an off gas
treatment system A vapor hquid separator removes entramned hquids for dehivery to the
Building 891 water treatment system Vapors continue through the off gas treatment system
For the contaminants and concentrations at OU 1 vapor phase carbon adsorption 1s the preferred
treatment option Once treated the air 1s recycled to a compressor and heater and reinjected to

the subsurface

Wastes generated as a result of this alternative will be managed 1n comphance with apphcable
regulations The wastes include spent GAC from the off gas treatment system and Building 891
water treatment system regenerant solution from ion-exchange resin regeneration from the

Building 891 water treatment system and wastes associated with momtoring well installation
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such as drll cuttings and decontamination water The decontamination water can be sent to
Building 891 The regenerant solution from the spent 10n exchange resins will be pH neutralized
and sent to Bmlding 374 for evaporation 1n accordance with current operational practices The
spent GAC will be sent off site for regeneration

Approximately 141 soil columns will be necessary to remediate the identified source area in
IHSS 119 1 which could be accomphished 1n three months The total remedial time frame for
this alternative 1s 13 75 years with three months for the detailed so1l gas survey three months
for mobilization and demobilization three months for treatment ten additional years of French
Drain operation to remediate the contaminated groundwater plume and three additional years
of monitoring to ensure groundwater concentrations remain below PRGs A plan view for this

alternative 1s included as Figure 3 7

326 Al

Thas alternative 1s imtended to achieve RAOs through excavation of contaminated groundwater
and soil beneath a discreet portion of the IHSS This alternative differs from the in situ
treatment alternatives 1n that a portion of unsaturated and potentially saturated soils at the IHSS
would be excavated down to the water table to allow for the removal of localized groundwater
contamination The excavated soils would be treated by thermal desorption to mimimize any
further degradation of groundwater beneath the IHSS from residual DNAPLS present 1n the soils

This 1s a worst case scenario which would enable contaminated water to be located and
subsequently removed Such efforts may be required based on the current understanding of the
hydrogeologic conditions at OU 1 which suggest complex geology in the area Excavation and
groundwater pumping are established remedial technologies which can be combined with no
significant difficulties

This alternative would require excavation of approximately 17 500 cubic yards of unsaturated
and potentially saturated soils 1n the southwest corner of IHSS 119 1 based on the results of the
Phase Il RFI/RI (see Figure 2 1) Excavation of the required volume would result i an
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excavated area of 0 7 acres based on excavating a 100 ft by 100 ft area down to bedrock (20
ft ) with sloping around the area of 2 to 1

Excavation would be terminated shghtly below the underlying bedrock to ensure that all
contaminated groundwater pools are reached The groundwater would be collected using sump
pumps 1nstalled within the excavation Standard submersible pumps would be used to direct
collected groundwater to the existing French Drain sump pumps The groundwater would then
be transferred to the Building 891 water treatment system at OU 1 for final treatment and
discharge A conceptual view of the excavation and treatment process 1s shown in Figure 3 8
A piping system from the excavation to the OU 1 treatment facility would be required and would
most likely be constructed of PVC and buried to a sufficient depth to prevent freezing

Surface soils located within the excavation area will be scraped and stockpiled on site to be
treated with surface soil from OU 2 at a later ttme The subsurface soil will be excavated and
transported to a staging area for treatment It 1s anticipated that the staging area can be
constructed within 300 feet of the excavation Management of the surface and subsurface soil
will comply with 40 CFR 264 and may include creating a roof or other cover over the staging
area to mimmize precipitation onto the soil and prevent fugitive dust losses landscaping the area
to create adequate drainage placing a pad or liner under the storage areas to prevent infiltration
and limiting access to the storage sites The actual excavation would be accomplished using
conventional construction equipment although breathing apparatus may be included as part of the
machinery or may be handled separately on an individual basis

The excavated so1l 1n the staging area will be dewatered and treated by a skid mounted thermal
desorption unit to below detection limits for PCE TCE 11 DCE CCl,and 111 TCA The
treated so1l should meet the RCRA Land Disposal Restrictions including restrictions for
radionuchides and metal compounds prior to disposal 1n a permitted treatment storage and
disposal (TSD) facihity It 1s assumed that an appropriate facility 1s located within 100 mules of
the site The treated soils could be disposed of on site however due to the admmstrative
difficulties of delisting hazardous wastes 1t has been assumed the treated soils will be shipped
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off site for disposal

Groundwater extracted from the excavation will be pumped to the French Drain where 1t will
be transferred to the Building 891 water treatment system The French Dramn will continue
operating for 10 years after remediation to collect contaminated groundwater Groundwater
momnitoring will continue for an additional 3 years following French Drain discontinuation of
French Drain operation to venify that the concentrations remain below the PRGs at the French

Dram

Radiological monitoring would be conducted for the duration of the excavation due to the
potential presence of plutonium n the soils Although Alternative 5 mvolves removal of the
source of contamination to groundwater at IHSS 119 1 groundwater monitoring of groundwater
would still be required once the remedial action 1s complete to verify that all sources of residual
DNAPL contamination have been remediated Short term momitoring of vapor concentrations
m air would also be required during the excavation and prior to its closure

A buried gas transmission hine 1s located in the vicimity of IHSS 119 1 and the French Dram
Site utility maps will be consulted during the excavation and prior to laying the PVC pipe to
ensure that the transmission line 1s not damaged Standard health and safety practices will also

be used to ensure that the transmission line remains intact

All wastes generated as a result of this alternative will be managed 1n comphiance with applicable
regulations They include spent GAC from the off gas treatment system and Bmlding 891 water
treatment system regenerant solution from 1on exchange resins in Building 891 treated so1l and
wastes associated with mstallation of momtoring wells such as drill cuttings and decontamination
water The regenerant solution from the 10n-exchange resins will be pH neutralized and sent to
Building 374 for evaporation Treated soil will be managed before final disposal 1n essentially
the same manner as untreated soil and the spent GAC will be sent off site for regeneration

The total remedial ime frame for this alternative 1s 14 years This includes three months for
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a detailed soil gas survey three months for mobilization and demobilization nine months for
excavation ten additional years of French Drain operation for plume remediation and three
subsequent years of continued monitoring to ensure groundwater concentrations remain below
PRGs A plan view of Alternative 7 1s 1llustrated in Figure 3 9
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4 0 DETAILED ANALYSIS OF ALTERNATIVES

4 1 Descniption of Evaluation Criteria

This section analyzes the proposed remedial action alternatives using the criteria specified at 40
CFR 300 430 of the NCP and the RCRA Corrective Action Plan (CAP) (EPA 1994) Details
of the alternatives presented 1n Section 3 0 are used as the basis for these analyses which address
both the CERCLA criteria and RCRA standards There are mine criteria designated in the NCP
regulations and nine standards under the RCRA CAP guidance The NCP and CERCLA
guidance divides the criteria mnto threshold balancing and modifying criteria  Threshold critena
are statutory requirements that must be satisfied for an alternative to be ehigible for selection
The two threshold cniteria for this detailed analysis are overall protection of human health and
the environment and comphance with ARARs

The five primary balancing criteria of (1) long term effectiveness and permanence (2) reduction
m toxicity mobihity and volume (3) short term effectiveness (4)implementabihity and (5) cost
are used to evaluate each alternative s major performance objectives The relative performance
of each alternative 1s evaluated and then compared to others to identify if any one alternative

meets all the critena

The two modifying criteria state acceptance and community acceptance evaluate the feasibility
of implementing an alternative 1n terms of 1its acceptance by regulatory agencies and the public
These criteria are not evaluated until after the formal public comment period on the CMS/FS
report and proposed plan The criteria are addressed in the CAD/ROD

411 Overall Protection of Human Health and the Environment

Under CERCLA crniterion and RCRA standards each alternative 1s evaluated for the overall
protectiveness of the proposed action Proposed alternatives describe how human health and
environmental risks are elmimnated reduced or controlled through treatment engineering
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controls or institutional controls The overall protection of human health and environment
criteria 18 a threshold criteria which an alternative must meet to be the selected action In
particular each alternative 1s required to be evaluated 1n meeting RAOs established for the site
The assessment also mvolves analyzing whether PRGs are satisfied through implementability
long term effectiveness and permanence and short term effectiveness The evaluation of overall
protectiveness examines whether an alternative results 1n any unacceptable risks or cross media
mmpacts to a site  The other threshold critena 1s comphiance with ARARs Each alternative 1s
required to be evaluated on the basis of how 1t comphies with ARARs

4 12 Comphance with le or Relevant and Aj ments

The selection of ARARSs for an alternative 1s governed by the regulations of the NCP and EPA s
Office of Sohd Waste and Emergency Response (OSWER) Directives  Such directives include
the Compliance with Other Laws Manual (EPA 1988b) and the RCRA CAP gwidance A
discussion of the selection of chemical specific ARARs for OU 1 has been presented in Section
2 Brefly summanized ARARs are

. Applicable a requirement that apphies under circumstances other than CERCLA
to the contaminant action situation or location or

o Relevant and appropriate a requirement not normally applicable to the site but
because the requirement addresses an activity, location or situation similar to the
site and the requirement 1s well suited to the remedial action proposed at the site
it 1s judged relevant and appropriate It 1s possible for a requirement to be
relevant but not appropnate for a site

As remedial action alternatives are developed and screened through the CMS/FS process

environmental standards are further analyzed and screened for the site Action specific and
location specific ARARs previously 1dentified in the OU 1 CMS/FS process have been further
screened to check the jurisdictional and circumstantial ARAR prerequisites Each identified
standard has been noted as applicable or relevant and appropriate or not applicable or relevant
and approprnate for each alternative at OU 1 Any proposed standard or guidance which could

be relevant to the circumstances at QU 1 was considered 1n the screeming process Proposed
OU 1 CMS/FS Report
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’ standards and current guidance are described as TBCs 1n the detailed analyses The criteria used

to evaluate apphcable requirements are

Is the substance or contaminant addressed under the regulation
Is the time period 1n the regulation applicable

Does the regulation require himit or prohibit the activities
Who 1s subject to the regulation

Who 1s exempt from the regulation

The cnitenia used to evaluate relevant and appropnate requirements are

! o The substance or contaminant addressed under the regulation 1s similar to the
situation at OU 1

. The media affected by the requirement 1s stmular to the circumstances at OU 1
. Activities affected by the regulation are similar to activities proposed at OU 1

o The area addressed by the regulation 1s sumilar to the area affected by the
. proposed alterative at OU 1

° Structures facihities or technologies addressed by the regulation are similar to
those proposed at OU 1

. Exemptions or variances of a requirement are appropriate to the circumstances at
oul

Each specific alternative 1s assessed to determine 1if the proposed action can comply with each
1dentified ARAR or TBC Section 121(d) of CERCLA requires remedial actions to comply with
or exceed the ARARs designated at a site It 1s a threshold criteria designated in the NCP
regulations for proposing an alternative at a site Comphance with applicable standards for
waste management 1s also one of the criteria under the RCRA CAP guidance

Comphance with an ARAR can be waived under specific circumstances as designated 1n
CERCLA as amended [Section 121(d)(4)] and 1n the NCP regulations Any proposed waivers
from the ARARs are presented 1 the Proposed Plan and Record of Decision along with the
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reasons for such an action Reasons for a waiver include

o A State standard has not been consistently applied in similar circumstances
1 The proposed action 1s an interim action

* Comphance with the ARAR will result 1n greater risk to human health and the
environment than other alternative options

o Comphance 1s not technically feasible

o The selected action will attain a standard equivalent to an applicable standard
using another approach

The RCRA CAP gmdance does not include a specific method for obtaining waivers from ARAR
comphance during a CMS The Guideline does allow for some latitude 1n the establishment of
media cleanup standards however

Media cleanup standards may be proposed by the permittee/respondent in the CMS Report based
on promulgated federal and state standards nsk derived standards site specific information
and/or applicable gmdance documents Alternatively standards may be set by the implementing
agency prior to the CMS stage If media cleanup standards are set by the implementing agency
the permittee/respondent may propose to modify them during the CMS Final media cleanup
standards will be determined by the implementing agency when the remedy 1s selected

In addition to attaining the established media cleanup standards, potential remedies considered
during the CMS process are required to comply with all applicable state or federal regulations

State of Colorado Regulations allow for petitioming for the modification or waiving of RCRA
regulations General requirements for the petitiomng process are found in 6 CCR 1007 3
Subpart C Rulemaking Petiions This section provides that any person may petition to modify
or revoke any provision 1n Parts 260 through 265 of the Colorado Hazardous Waste Regulations
For example wastes at a facility may be excluded from the hst of hazardous wastes 1f the

petitioner can demonstrate to the satisfaction of the CDPHE that the waste produced at the
OU 1 CMS/FS Report
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facility does not meet any of the criteria under which the waste was listed as a hazardous waste
The results of the ARAR analysis conducted at OU 1 for each alternative 1s presented in a
tabular form in Appendix D Key ARARSs selected from Appendix D for discussion in the
detailed analysis of alternatives are those which are judged to be most critical to an alternative s
mmplementation Key ARARS include

] Colorado Basic Standards for Groundwater 5 CCR 10028 3115and3 116

o Colorado RCRA Regulations 6 CCR 1007 3 Parts 264 and 268 and proposed
changes to Part 261

o Colorado Air Pollution Control Regulations 5 CCR 1001 5 Regulation 7

. Colorado Nongame Endangered or Threatened Species Conservation Act CRS
332101

Since the State of Colorado 1s authorized by EPA to implement the RCRA program the RCRA
ARARSs under the State program are designated as key ARARs Releases and spills at OU 1
occurred prior to the effective date of the RCRA regulations so many of the RCRA regulations
are designated relevant and approprate rather than applicable to OU 1 The exception to this
1s the Colorado regulations regarding solid waste management unmits (SWMU) 1n 6 CCR 1007 3

264 90(a)(1) which are applicable to the circumstances at OU 1 They state that the owner or
operator of constituents n SWMUs must comply with 264 101  Releases of hazardous
constituents from SWMUs according to 264 101, Subpart F require corrective action for

protection of human health and the environment

Subpart F of the Colorado RCRA regulations also concern groundwater protection Many of
the subsections of this subpart are directed to regulated umts but OU 1 1s not a regulated unit
However OU 1 hsts SWMUs 1n a RCRA Part B permat application mnventory Therefore
sections of Subpart F that are relevant and appropriate to OU 1 include
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6 CCR 1007 3 264 92 Groundwater protection standards

6 CCR 1007 3 264 93 Hazardous constituents

6 CCR 1007 3 264 94 Concentration limits

6 CCR 1007 3 264 95 Pont of comphance

6 CCR 1007 3 264 96 Comphance period

6 CCR 1007 3 264 97 General groundwater momtoring requirements
6 CCR 1007 3 264 98 Detection momitoring program

These subsections are focused on the specifics of conducting a groundwater monitoring program
and detecting exceedances of the groundwater protection standards

The other requirements of the Colorado RCRA program that are apphicable to OU 1 are
contained 1n 6 CCR 1007 3 264 101 Ths section requires that corrective actions be located
between the SWMU and the downgradient facility boundary or beyond the facility boundary
where necessary to protect human health and the environment unless specifically prohibited due
to a lack of property ownership Onsite measures are determined on a case by case basis

Implementation of groundwater protection measures are also part of the Colorado Water Quality
Control Commussion s Basic Standards for Groundwater (5 CCR 1002 8 3 11 0) Since the
Colorado State Basic Standards for Groundwater are potential chemical specific ARARs the
implementation approach within the standards would be relevant and appropriate but not
applicable CDPHE has implementation responsibility as detailled n 5 CCR 1002 8 3 11 6(B)
The regulations of 5 CCR 1002 8 3 11 6(C) and (D) provide some discretion 1n the selection
of the point of comphance Brnefly summarized the pomt of comphance could be established

at any one of the following locations

o The site boundary

. The hydrologically downgradient limit of the area in which contamination exasts
at the time 1dentified

o At some distance hydrologically downgradient from the activity causing the
contamination and closest to the activity as determined by site specific factors
such as the established wellhead protection areas the potential of the site as an
aquifer recharge area and the recommendations of the owner or operator
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Another part of the Colorado RCRA regulations that are relevant and appropriate to OU 1 1s the
closure and post closure requirements for regulated umits The closure requirements of 6 CCR
1007 3 264 112 require preparation of a closure plan that 1s consistent with the requirements
of the groundwater protection standards of Subpart F Elements of the State post closure care
requirements 1n 6 CCR 1007 3, 264 117 that are relevant and appropriate to OU 1 are the post

closure care period and the requirements for maintenance and monitoring of waste containment
systems 1n accordance with Subpart F The post-closure period 1s 30 years after completion of
remediation unless changed by CDPHE Reasons for a reduced period include a demonstration
that the groundwater protection standard has not been exceeded for a period of three consecutive
years In addition 1t must be verified that the reduced time 1s protective of human heaith and

the environment

Air emission standards under the Colorado RCRA regulations (6 CCR 1007 3 264 1033
264 1052 264 1054 and 264 1057) and Regulation 7 of Colorado s Air Pollution Control
Regulations are potentially applicable to the remediation alternatives that mvolve VOC
emissions Regulation 7 requires the use of reasonably available control technology (RACT) to

control VOC emussions of over two tons/year or two Ibs/hour

Colorado s RCRA regulations require that VOC emissions from air stripping RCRA treatment
units to be monitored and operated 1n accordance with the RCRA closed vent and control device
system standards The standards require condensers or adsorbers to achieve 95 percent weight
efficiency and to institute exhaust vent stream momtoring [6 CCR 1007 3 264 1033(f) (g) or
(h)] Valves and equipment leaks are required to be monitored and maintained mn a condition

to achieve the no detectable emissions level

The Colorado Nongame Endangered or Threatened Species Conservation Act (CRS 33 2 101
et seq ) requires that mndigenous species found to be endangered or threatened in Colorado be
protected 1n order to mamtain and enhance theirr numbers It 1s a relevant and appropnate
requirement for the OU 1 earth disturbing remediation alternatives The Colorado Division of
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Wildlife (CDOW) has the responsibility of determining management needs that will allow for
the continued sustainability of populations of nongame species

The Colorado Nongame Endangered or Threatened Species Conservation Act 1s particularly
significant to RFETS because 1t has the largest known population of Preble s meadow jumping
mouse (Zapus hudsomus ssp preble1) in Colorado The Preble s meadow jumping mouse 1s a
species of special concern 1 Colorado A special concern species 1s not legally protected but
CDOW favors maimntaimng the species and enhancing its habitat where possible Federal
authorities currently consider the Preble s meadow jumping mouse a Category 2 spectes which
1s a candidate for hsting as a Federal threatened or endangered species Studies to gather
mformation concerming the species and 1ts need for Federal and State protection are ongoing

Should the mouse be listed on the Federal Endangered Species Act List the requirements of
Section 7 of the Act would be a key ARAR Section 7 requires consultation with the U S Fish
and Wildlife Service and 1n particular preparation of a biological assessment concerning the
species and 1ts habatat

Habitat requirements for the Preble s meadow jumping mouse include intact niparian corridors
such as those found along Woman Creek There has been positive identification of Preble s
meadow jumping mouse 1n ripanan areas adjacent to the OU 1 boundary As a Federal facility
1t 1s the obhigation of the operator of RFETS to mimmize the impact of remediation to nparian
areas RFETS staff will coordmate activities with CDOW to ensure that the population of
Preble s meadow jumping mouse at RFETS 1s protected to the extent possible during
implementation of the selected alternative at OU 1

4 13 Long Term Effectiveness and Permanence

One of the balancing criteria histed 1n the NCP 1s long term effectiveness and permanence 1n
the CAP gwmdance 1t 1s listed as long term rehability and effectiveness Each alternative 1s also
required to be evaluated against this criteria  The NCP emphasizes the preference for treatment
to aclieve long term protection and permanence for a site RCRA CAP guidance also
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emphasizes long term rehability and effectiveness as a factor 1n selecting a proposed alternative

Cntena for evaluating long term effectiveness and permanence mnclude the following

Persistence toxicity and mobility of hazardous substances and their constituents
and therr tendency to bioaccumulate

Long term uncertainties associated with containment
Long term potential for adverse health effects
Long term cost of monitoring and maintenance

Ease of undertaking future remedial action

Considerations are focused on the residual risk remaining after implementation of the alternative
In particular the evaluation of the altemative 1s to consider whether RAOs will be met RAOs

often are focused on long term effectiveness and permanence The evaluation of a proposed

alternative must include an analysis of the potential threat to human health and the environment

from untreated waste or treatment residuals remaimnng at the site after remediation This

analytical process includes the following elements

Volume and concentration of contaminants 1n untreated media
Volume and concentration of contaminants 1n treated residuals
Requirements for 5 year site reviews and long term monitoring
Difficulties associated with long term operations and maintenance
Adequacy and rehability of controls

Potential need to replace techmcal components

Potential exposure pathways and risks posed should the remedial action need
replacement
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4 1 4 Reduction of Toxicity, Mobility, or Volume Through Treatment

Another one of the balancing criteria in the NCP and RCRA CAP guidance 1s reduction of
toxicity mobility or volume of wastes through treatment The CERCLA criterion evaluates the
ability of an alternative to reduce the risks at a site through the destruction of toxic
contaminants reduction of the mass of toxic contaminants reduction 1n contaminant mobility
and reduction of the volume of contaminated media The NCP states a preference for remedial
alternatives that include treatment which achieves this criterion as a principal element of the
remedy RCRA CAP guidance also specifies reduction 1n the toxicity mobility or volume of
waste as a standard for the selection of a preferred alternative Specific considerations for
reduction of toxicity mobility or volume (TMV) include the following

Adequacy of the treatment process to address PRGs

Specific requirements and limtations of the treatment process

Volume of the contaminated media treated

Extent of TMV reduction

Irreversibility of treatment

Quantities and toxic charactenistics of treatment residuals or byproducts

415 Short Term Effectiveness

Short term effectiveness 1s another of the NCP balancing cnitenia and a standard of the RCRA
CAP guidance In evaluating alternatives the CERCLA criterion and RCRA standards relevant
to short term effectiveness consider the period of time required for construction and
implementation of each alternative The criterion evaluates community and worker protection
during the remediation activity as well as potential adverse environmental impacts that may result
from the alternative The consideration of environmental impacts during remediation includes

elements as an evaluation of the impact of the alternatives on the quality of habitat at the site

4 1 6 Implementability

Implementability 1s a criteria under both the NCP regulations and RCRA CAP guidance This
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criterion addresses the techmcal and admimstrative feasibility of implementing an alternative
including the availabihity of materials and services Implementability 1s particularly important
for evaluating the rehabihity of technologies that are mmnovative or proprietary  Specific

considerations relevant to implementability include the following

Ability to construct and operate the alternative within a 10 to 30 year time frame
Availabihity of equipment and speciahists

Availability and rehability of the components of the alternative

Ability to monitor the effectiveness of the alternative

Demonstrated performance level of the treatment components and equipment
Difficuity 1n implementing future remedial actions once the alternative 1s 1n place

The RCRA implementability standard also requires addressing these same considerations for each
alternative  The implementability evaluation 1s required to identify the admimstrative and
coordmnated local State and federal requirements The CAP gwidance requires identification
of necessary permits

417 Cost

Cost 1s a cntenion under the NCP regulations and RCRA CAP gwmdance It 1s one of the
balancing cniteria under the NCP Cost 1s to be evaluated via the capital costs long term
operation and maintenance (O&M) costs and post closure costs Present worth costs are used
to compare expenses of each alternative that occur over different time periods By discounting
all costs to a common base year, the cost of each alternative can be reduced to a single figure
for comparative analysis This report assumes a discount 1nterest rate of 5 percent (as specified
in the CMS/FS guidance) to calculate the present worth of each alternative In addition a
maximum implementation period of 30 years has been used for alternative analysis

Cost can be a significantly different from one alternative to another and may be the major
difference 1n providing equivalent long term effectiveness and permanence An alternative with
an excessive cost when compared to overall effectiveness may not be feasible as a preferred

alternative Also an alternative with a low 1nitial capital cost may have a larger total cost when
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O&M 1s considered Hagher costs may be offset by improved performance or greater long term
risk reduction 1n the comparative analysis of alternatives However the alternative that satisfies
the CERCLA requirements 1 the most cost effective manner 1s selected as the preferred

alternative

4 18 State Acceptance

State (and community) acceptance of the proposed preferred alternative are modifying criteria
according to the NCP regulations and the RCRA CAP guidance on public involvement Changes
to the proposed corrective measures may be made after consideration of public comments and
a determination by CDPHE that changes are necessary to the preferred alternative State
acceptance refers to CDPHE s or other state agencies comments on the appropriateness of the
proposed preferred alternative CDPHE s concerns about the preferred alternative and other
alternatives are to be assessed as early 1n the regulatory process as practicable, usually in the
remedial action plan/proposed plan The State s comments on ARARs or proposed use of
wavers are to be addressed by the lead agency

419 Community Acceptance

The community acceptance criteria/public mmvolvement policy of the NCP regulations and RCRA
CAP guidance 1s the last criteria to be evaluated prior to final selection of a remedy The DOE

EPA and the State will evaluate the 1ssues and concerns raised by the public 1n their comments
on the proposed remedial action plan/proposed plan Interested people or groups in the
community may support have reservations about or oppose some components of the preferred

alternative therr concerns may influence the final selection of an alternative in the CAD/ROD

42  Background Analyses

Background analyses have been conducted to obtain data to assist in the detailed analysis of
alternatives including establishing groundwater monitoring requirements groundwater modeling
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and residual nisk assessment Each of these analyses are described 1n the following subsections

421 Groundwater Momtoring

Groundwater momtoring 1s included as part of each alternative presented 1n this report For the
purposes of the detailed analysis of alternatives 1t 1s assumed that a performance monitoring
system would be used to comply with the RCRA regulations New wells would be installed
mncluding one deep cluster and one shallow well cluster downgradient of IHSS 119 1 and
possibly two additional wells upgradient of Woman Creek It 1s suggested that installation of
the well clusters be preceded by geological and geophysical support such as photographic
hineament analysis or three-dimensional seismic surveys This would enable paleochannels and
faulted zones to be clearly 1dentified prior to the well installations

Samples would also be collected semiannually from the French Drain Samples would be
analyzed for organic and imorgamic contaminants including individual species of norganic
contaminants to identify individual metal species with a potential to bicaccumulate This
additional analysis should not be a routine component of the samphng program

42 2 Groundwater Modeling

Groundwater modeling has been performed to support the detailed analysis of the alternatives

Groundwater modeling was completed to predict downgradient contaminant concentrations
resulting from suspected DNAPL sources at IHSS 1191 Three conceptual models were
dentified and used to predict future contaminant concentrations at the downgradient side of the
French Drain and 1 the alluvium of Woman Creek (Alternative 0) The No Action model was
used to examine contaminant migration patterns with no source removal and decommissioning
the French Drain The Institutional Controls model (Alternative 1) was used to examine
contaminant migration patterns with the French Drain and extraction well 1n operation The
remediation model (Alternatives 3 4 and 5) was used to examine the effect of remediating the
suspected sources within THSS 119 1 to the PRGs and to predict downgradient concentrations
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once this goal was achieved Based on the modeling results the historic use of the site and the
sporadic nature of the observed contamination, 1t 15 assumed that the contamination occurred
because of small episodic spills and that large pools of DNAPL do not exist

The model 1s
because

considered to be conservative (1 e , overpredicts contaminant concentrations)

It 1s two dumensional and does not simulate dispersion transverse to the plane of
the model Therefore the concentrations are consistently overestimated by the
model

The model assumes a constant groundwater flow when the site frequently has
periods of esther low flow or no flow

The model converged well with actual conditions at the site as indicated by

Convergence with observed hydraulic conductivities and groundwater flow rate
and direction It indicates that the advective transport rates of the model are
similar to actual conditions

Simulation of the observed sporadic nature of the contaminant concentrations
The sporadic nature indicates that the source 1s intermittent as the groundwater
table rises 1t contacts the residual DNAPL 1n the subsurface soil which results
1n some partitioning to the groundwater

Accurate prediction of the effects of the French Drain and the extraction well on
the hydrologic system at the site

In general the results of the model indicated that

Contaminant concentrations are always overpredicted by the model The
implications of this are (1) esimated exposure concentrations are conservative
because they bound observed concentrations (2) alternate source locations and
conditions (such as a source located somewhere outside the plane of the model
or a source with a different release mechamsm such as diffusion from fractures
m bedrock) are indirectly accounted for by the model a different source 1s
unlikely to result 1n higher predicted concentrations (3) spreading of a source
caused by degradation and subsequent generation of a contaminant along a
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flowpath 1s also accounted for by the model because the estimated concentrations
are much higher than actually observed (4) predicive simulations overestimate
contaminant concentrations because they are based on the same concepts as the
calibrated model and (5) if the model was more reahistic the simulated
concentrations would be smaller and more consistent with observed data which
would translate into smaller concentrations under the predictive simulations

The model simulates relatively well the oscillatory behavior observed 1n actual
concentrations This supports the concept that the source periodically releases
solutes and that the timing 1s related to seasonal variations mn chmatic conditions

The model accurately predicts the effects of the French Drain and the extraction
well The nise 1n simulated 1 1 DCE and 1 1 1 TCA concentrations 1n Figures
B 27 and B 25 respectively that occur around 1992 1s caused by simulating the
operation of the French Drain which started construction 1n November 1991 and
fimshed 1n Apnil 1992 The nise 1n concentrations 1s caused by the mncreased
hydraulic gradient resulting from the installation and operation of the French
Dramn which pulls groundwater more rapidly towards Well 0487 The simulated
concentrations begin decreasing around 1993 when the extraction well started
operating The gradients are reduced when the extraction well 1s simulated
because 1t pulls groundwater away from Well 0487 The observed concentrations
vary mn the same manner The similarity between the model and observed
vanations 1n concentrations leads to the conclusion that the observed variations
are caused by the installation and operation of the French Drain and extraction
well That the model simulates this behavior underscores the conclusion that the
model 1s an accurate and adequate representation of site conditions The spiking
effect caused by the French Drain 15 observed 1n all contaminants

Sensitivity analyses were completed for porosity decay rate, adsorption and hydraulic
conductivity The sensitivity shown for adsorption decreased with time as the effect of the decay
rate increased on the contaminant concentrations The analysis for porosity also indicated an
overriding effect of decay as time progressed Hydraulic conductivity was consistently the most
sensitive parameter chosen for the analyses and should affect transport rates and dispersion

Therefore the hierarchy of sensitivity for the parameters chosen for the analyses 1s

Hydraulic Conductivity > > > > Decay > > Porosity and Adsorption

Because the model converged well with observed hydraulic conductivities 1t was assumed that
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the model was calibrated well with the actual hydrologic system

The computer simulation code TARGET 2DU (Dames & Moore 1985) was used to simulate
contaminant transport 1 the subsurface at OU 1 TARGET _2DU 1s a vertically oniented fimte
difference model that can simulate variably saturated conditions This model was selected due
to the variability of the saturated zone at OU 1 and because it has been successfully applied at
other Superfund sites to support final CADs/RODs Detailed assumptions and uncertainties
assoclated with the model are included in Appendix B The model will be available for public
use m 1995

In examining the results of the modehng effort PCE TCE 11 DCE 111 TCA and CCl,
were selected as contaminants at the site A lhist of the peak concentrations predicted for the
contaminants at the French Drain and Woman Creek for each alternative 1s found in Table 4 1

For the No Action Alternative, concentrations rise and then remain constant for the remainder
of the modehing period For the Institutional Controls with the French Drain Alternative the
peak concentrations occur at the beginmng of the model They continue to decrease with time
For the remediation alternatives, Alternatives 2 through 5, concentrations rise for a short time
then decrease for the remainder of the modeled period

The three conceptual models were also used to estumate residual risk levels associated with the
remedial action alternatives proposed 1n this section

4 2 3 Residual Risk Assessment

The residual nisk assessment presented in Appendix C documents the approach and calculations
used to estimate risks associated with the proposed alternatives To select the most appropnate
pathways and contaminants the results of the OU 1 PHE were reviewed

Groundwater modehng was performed to estimate the contaminant concentrations in
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groundwater using the three conceptual models for OU 1 The results were then compared to
contaminant specific PRGs for OU1  Using these results from groundwater modehing
noncarcinogemc hazard indices and carcinogenic risks were calculated The results indicate that
none of the calculated noncarcinogenic hazard indices approach 1 and that the maximum
calculated carcinogemic nisk 1 2E-05 1s for the No Action scemario The acceptable
carcinogenic risk range 1s 10* to 10° Noncarcinogenic hazards greater than 1 can indicate a
potential for adverse effects to human health The carcinogemc risks and noncarcinogenic
hazards for each alternative are hsted in Table 4 1

4 3 Detailed Analysis of Alternatives

The detailed analysis of alternatives evaluates the two threshold and five balancing critenia for
each alternative The analysis 1s conducted at a level of detail that builds on the information
presented in Section 3 and 1s sufficient to provide an understanding of each alternative Any
uncertainties associated with the evaluation are also identified in the detailed analysis Key
trade-offs, with respect to the criteria, are identified for the alternatives According to the
CMS/FS gmdance the results of the detailed analysis are designed to provide the basis for
1dentifying a preferred alternative for the remedial action

Assumptions used 1n performing the detailed analysis of alternatives include the following

o DNAPLs are potentially present in the subsurface soil at IHSS 119 1 based on the
results of the Phase IIl RFI/RI report If present 1t 1s assumed that they are
primarily 1n residual form and 1n small quantities

o Groundwater momitoring proposed under each alternative will include sampling
and analysis at the French Drain sump and potentially a new performance
momitoring system at OU 1 The locations would be sampled semiannually and
analyzed for both organic and mnorganic contaminants

o A so1l gas survey will be conducted prior to mmtiating any of the proposed
treatment actions to more accurately define areas at OU 1 that require treatment
For purposes of the detailed analysis a 100 ft x 100 ft x 20 ft area located at the
drum storage at THSS 119 1 1s used for the treatment area
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Table 4-1
. Predicted Peak Contaminant Concentrations and Human Health Risks

Performance Momtoring Location

Downgradient of Upgradient of
Alternative French Dran Woman Creek*
Alternative 0 No Action
Predicted Peak Concentrations pg/f>
PCE 10 5 7TE02
TCE 1 050 44
11DCE 022 3 1E-06
111TCA 38 1 0E-01
CCl, 18 7 TE-04
Carcinogenic Risk?
Resident 1 2E-05 3 3E-08
Worker 4!79 2E 12 31E1S
Noncarcinogenic Hazard Index® 7
Resident o 2 4E-04
. Worker fi 1 1608 2SE 11

Alternative 1 Institutional Controls with the French Dram
Predicted Peak Concentrations ug/¢™

PCE 20 3 1E-02
TCE 420 23
11 DCE 1 8E-03 1 4E-07
111TCA 52 4 8E-02
cal, 012 2 3E-04
Carcinogenic Risk?
Resident 133807 3 SE-09
Worker [ 61E14 2 4E 16
Noncarcinogenic Hazard Index® ]
Resident [ 2 9E-03 2 3E-05
Worker | 3 oE 10 1 8E 12
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Table 4-1

(Continued)
“ Performance Momtoring Location
Alternative || Dowqgradxent of Upgdlent of

Predicted Peak Concentrations pug/¢®

PCE 65 3 2E-02

TCE 820 31

11 DCE 022 3 1E-06

111TCA 23 4 8E-02

ccl, 18 7 TE-06
Carcinogenic Risk?

Resident I 6 7807 1 2E-08

Worker 9 8E 14 10E 15
Noncarcinogemic Hazard Index® ]

Resident | 5 6803 8 2E-05

Worker || 5 0E 10 6 5E 12
Alternative 3 Groundwater Pumping and Soil Vapor Extraction with Thermal Enhancement
Predicted Peak Concentrations ug/f>

PCE 65 3 2E-02

TCE 820 31

11DCE 022 3 1E-06

111TCA 23 4 SE-02

ccl, 18 7 7E-06
Carcmogenic Risk*

Resident [ s 7807 1 2E-08

Worker [ 98E 14 10E 15
Noncarcinogenic Hazard Index® )

Resident I 5 6E-03 8 2E-05

Worker [l 5 0E 10 6 SE 12
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Table 4-1
J ’ (Continued)

" Performance Momtoring Location
Alternative " Dowqgradlent of Upgradxent of
Alternative 4 Hot Air Injechon with Mechamcal Mixing
: Predicted Peak Concentrations pg/f™
| PCE 65 3 2E-02
TCE 820 31
11DCE 022 3 1E-06
111TCA 23 4 8E-02
CCl, 18 7 TE-06
Carcinogenic Risk®
Resident [ 6 7E07 1 2608
Worker [ 98E 14 10E 15
Noncarcinogenic Hazard Index®
Resident [ 5 6803 8 2E-05
Worker [ 50E 10 6 5E 12
Alternative 5 Soil Excavation with Groundwater Pumping
' Predicted Peak Concentrations pg/f™
PCE 65 3 2E02
‘ TCE 820 31
11 DCE 022 3 1E-06
111TCA 23 4 8E-02
CCl, 18 7 TE-06
Carcinogenic Risk?
Resident | s 7507 1 2E-08
Worker [ o sE 14 1 0E 15
Noncarcinogenic Hazard Index®
Resident 5 6E-03 8 2E-05
Worker . I 5 OE 10 6 5E 12

Actual peak concentrations should be less than modeled concentrations smce operation of the French Dramn was not
included 1n the groundwater model under remediation scenarios
® Predicted by groundwater model TARGET 2DU (Dames & Moore 1985)
PRGs are PCE 5 ug/f TCE 5 ug/f 11 DCE 7pug/t 111 TCA 200 ug/! and CCl, 1 ug/f
¢ Acceptable risk range 1s 10 to 10 per the NCP
. Hazard index greater than 1 indicates a potential for adverse human health effects
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In the comparative analysis, a qualitative sensitivity analysis 1s performed to assess the major
assumptions which 1f incorrect could significantly impact the results of the detailed analysis of

the alternatives

This section documents the detailed analysis of the proposed alternatives in the following

subsections

. Alternative 0 No Action
] Alternative 1  Institutional Controls with the French Drain
° Alternative 2  Groundwater Pumping and Soil Vapor Extraction

. Alternative 3  Groundwater Pumping and Soi1l Vapor Extraction with Thermal
Enhancement

. Alternative 4 Hot Air Imjection with Mechanical Mixing

e  Alternative 5 Soil Excavation with Groundwater Pumping

431 Alternative 0. No Action

The evaluation of the two threshold and five balancing criteria for Alternative 0 No Action 18

summarized 1n the following subsections

4 311 Overall Protection of Human Health and the Environment

The degree of protection for human health and the environment 1s not increased from the current
conditions under the No Action Alternative Similarly, the exposure potential 1s not decreased
by the alternative It rehes on natural degradation processes such as dispersion volatihization

and biodegradation to gradually reduce contamnant concentrations so the time for the site to
undergo full remediation by natural degradation 1s dafficult to predict

Chemical specific ARARSs are currently not in comphance with the State groundwater standards
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according to groundwater momtoring results Under the No Action Alternative the site would
remain noncompliant with the State s Basic Groundwater Standards (5 CCR 1002 8 3 11 5)
according to modelled conditions In addiion the RCRA CAP cnteria for controlling
contamination 1s not satisfied by the altermative This altermative may provide long term
effectiveness pnmarily because the natural degradation processes are essentially irreversible
There are conditions that can exist however that allow the byproduct or endproduct of a
degradation process to be more hazardous to the environment and human health than the original
contammnant In addition conditions at the site may allow some of the degradation process to

reverse or remain 1n flux

Groundwater modeling indicates that the carcinogemic risk at the downgradient side of the French
Drain 15 below the acceptable nisk range of 10 to 10° The carcinogemc nisk at the alluvium
of Woman Creek 1s within the acceptable risk range The noncarcinogenic hazard indices for
the French Drain and Woman Creek do not indicate a potential for adverse effects to human
health Because the current site conditions do not change there are no increases 1 potential
risks to the public workers or the environment under the No Action Alternative It 1s assumed

that current health and safety practices will continue to protect workers and visitors to the site

4312

Three types of ARARs chemical specific action specific and location specific are evaluated
for each alternative The following sections evaluate the key ARARSs specific to this alternative

Chemi ific ARARs

The results of groundwater monitoring from 1989 1994 indicate that the State Basic Standards
for Groundwater (5 CCR 1002 8 3 11 §5) are currently exceeded beneath OU 1  Specific
chemical concentrations which exceed standards are CCl, 12 DCA 11 DCE 1 2 DCE(css)
DCE 111 TCA and TCE
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Review of the groundwater modeling results of the chemicals present beneath OU 1 from 1969
to 2029 and the hydrogeological conditions indicate that the peak concentrations of
contaminants probably would not comply with the State Basic Standards for Groundwater at the
French Drain  Peak concentrations of contaminants at Woman Creek except for TCE
probably would comply with the State Basic Standards for Groundwater Results of the
modeling also indicate that the concentrations of TCE at the French Drain may exceed the State
Groundwater Standards beyond the year 2029 the limit of the groundwater model The results
of the model reflect the hugh solubility of TCE 1n water and a steady state modelled flow of
groundwater conditions Assumptions of the model include a continuous source of groundwater
contamination without the French Drain operating nor implementation of any other remediation
technology Explanation of the model and further discussions of the results of modehling are 1n
Appendix B

Action 1fic

Since contaminants would be left 1n place at the IHSSs at OU 1, a plan to monitor contaminants
would be required at the time of closure A RCRA performance monitoring system would be
implemented with thus alternative for 30 years or more Momitoring of the organic and inorganic
constituents would be conducted 1n accordance with Subpart F of the State RCRA regulations
(6 CCR 1007 3 264 93 264 98) Monitoring would be conducted until 1t 1s determined that the
contaminants are in comphance with the State Basic Standards for Groundwater (5§ CCR 1002 8

3 11 5) The state groundwater standards for the contaminants are selected for momtoring since
the RCRA regulations do not have protection standards for the contamimnants except for

selenium

Corrective action would only be monitoring for as long as necessary to achieve the state
groundwater standards at the selected pomnt of comphance Maintenance and momtoring of
constituents would be required to be conducted for more than 30 years based on modeling
results The performance momtoring system would operate until there 1s no exceedances of

groundwater standards for three consecutive years The post closure period would be
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determmed by the time 1t takes for natural degradation and dispersion of contaminants

Implementation of this alternative would require a determination by CDPHE that the corrective
action 1s protective of human health and the environment Such a determination 1s not likely

since this alternative would not meet RAOs In addmion a poimnt of comphance for the
performance monitoring systems would need to be selected to demonstrate comphiance with the
RCRA corrective action requirements and the ground water protection standard (Subpart F)

There would not be any air emissions associated with this alternative therefore the RCRA and
air pollution control program regulations are not ARARs

Location Specific ARARs

Alternative 0 would comply with the laws and regulations specific to wetlands and threatened
and endangered or species of special concern 'When the French Drain 1s decommissioned the
wetland and riparian habitat may temporarily decrease in size The anticipated long term effect
1S a net gain 1n wetland acreage The CDOW will be consulted for advice on mitigation

measures to lessen the effects of the French Drain decommissioning

4313 Long Term Effectiveness and Permanence

The No Action Alternative involves groundwater momtoring for 30 years This alternative
should not provide additional protection for human health the environment and ecological
receptors because operation of the French Drain which currently appears to be effective mn
capturing contaminated groundwater would be discontinued under this alternative

Groundwater modeling indicates that the No Action Alternative s carcinogemic risks at the
French Drain and Woman Creek are within or below the acceptable risk range of 10* to 10¢
The noncarcinogenic hazard indices for the French Drain and Woman Creek do not indicate a
potential for adverse effects to human health
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The alternative does not address treatment of the source nor does 1t control the source The
French Drain would not be operational and there 1s a possibility that contaminated groundwater
may migrate from OU 1 Five year reviews would be required to determine the effectiveness
of this alternative until the contaminant concentrations are consistently below the PRGs and the

agencies agree that the site 1s not a cause for concern

4314 R T r Vol T n

The No Action Alternative will not satisfy the NCP preference for treatment as a principal
element of an alternative It does not treat groundwater and subsurface soil nor does 1t control
the primary contaminant source Similarly no wastes are created as a result of this alternative
except for wastes created during well installation such as decontammation water and drill
cuttings

The No Action Alternative reduces the toxicity mobility, or volume of contaminants only
through natural degradative processes such as volatihization The remediation time for natural
degradation may be long even with low mitial contaminant concentrations however it 1s assumed

for this alternative that groundwater monitoring will be required for at least 30 years

4315 Short Term Effectiveness

The No Action Alternative does not offer any additional protection for human health and the
environment Because no remedial actions are implemented there are no additional short term
nisks to the local commumty workers ecological receptors or the environment Existing health
and safety procedures at the site are assumed to offer effective protection for workers and
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visitors  Adherence to appropriate health and safety measures will be required for as long as
monitoring activities are continued at OU 1

4 3 1 6 Implementability

The No Action Alternative 1s easily implemented because 1ts only component 1s long term
groundwater monitoring and the installation of a performance monitoring system It should not
be limited by the availabihity of services and materials nor are there any sigmficant techmical or
admmstrative difficulties associated with this alternative

Normally natural degradative processes are urreversible and result 1n compounds that are less
hazardous than the oniginal compounds There are conditions that can exist, however that allow
the byproduct or endproduct of a degradative process to be more hazardous to the environment
and human health than the onginal contaminant In addition conditions at the site may allow

some of the degradative process to reverse or remain 1n flux

4317 Cost

Capital costs associated with the No Action Alternative include the completion of four
groundwater monitoring wells and post closure costs consist of groundwater momtoring for 30
years There are no O&M costs anticipated for this alternative Total capital cost of this
alternative 1s $63 800 and the post closure expenditures total $1 740 400 The total cost for
ths alternative 1s $1,804 200 A detailed cost estimate 1s included 1n Appendix A

432 Alternative 1. Institutional Controls with the French Drain

The evaluation of the two threshold and five balancing critenia for Alternative 1 Institutional
Controls with the French Drain 1s summarized in the following subsections
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4321 QOverall Protection of Human Health and the Environment

Alternative 1 will be protective of human health and the environment assuming that the
mstitutional controls are properly implemented the French Drain and Building 891 water
treatment system continue operation and the site 1s not abandoned during the institutional control
peritod The potential for exposure 1s reduced by removing contaminated groundwater at the
French Dramn  Other institutional controls may include restrictions on well construction well
mstallation zomng, and property transfers

The French Drain would capture contaminated groundwater for treatment thereby preventing
potential downgradient migration of contaminants The alternative does not involve significant
disturbance of the site so short term risks will be mimimized for workers and the environment
It 1s assumed that standard health and safety procedures will be sufficient to protect on site
workers and visitors Comphiance with action specific ARARs can be achieved with this
alternative as the area of disturbance 1s minimal for decommassioning the French Drain

Chemucal specific ARARs can be met using the French Drain and institutional controls
Modeling indicates that State groundwater standards (the PRGs) would be met with the possible
exception of TCE at Woman Creek and the French Drain Natural degradation 1s expected to
be a factor 1n long term effectiveness and comphance with the ARARs because of the low
contaminant concentrations at IHSS 1191 The institutional controls are also a factor in
determining the long term effectiveness of this alternative

Alternative 1 meets the RCRA CAP critena for attaiming groundwater cleanup standards for all
of the contaminants with the possible exception of TCE TCE concentrations at the French
Drain do not meet the groundwater PRGs during the modeling time frame and may not meet
them until the source of contamination 1s depleted

Carcinogenic nisks at the French Drain and Woman Creek are below the acceptable range of 10*
to 10° The noncarcinogenic hazard indices for the French Drain and Woman Creek do not
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indicate a potential for adverse effects to human health

In Alternative 1 DNAPL contamination 1s controlled by passive containment and collection of
groundwater rather than active remediation This type of action 1s usually well suited to sites
such as OU 1 that have low aquifer transmissivity low projected groundwater use and low
initial contaminant concentrations

Reduction in contaminant concentrations at the primary contaminant source and 1n groundwater
should occur over time The actual remediation time 15 dependent on the locations and volumes
of the DNAPL contammation which are not certain at this time Therefore groundwater
momitoring will be used to determine when the primary contammnant source 1s no longer

considered an 1ssue

Three types of ARARs chemical specific action specific, and location specific, were evaluated
for this alternative The following sections discuss the key ARARs specific to this alternative

Chem i

The results of groundwater monitoring from 1989 1994 indicate that the State Basic Standards
for Groundwater (5 CCR 1002 8 3 11 5) are currently exceeded at OU 1 contaminants which
exceed the standards are PCE TCE, 11 DCE 12 DCA 12 DCE(cis) CCl, and1 11 TCA

Concentrations at the French Drain and Woman Creek were modeled to determine 1if Alternative
1 would comply with the ARARs Review of the groundwater modeling results from 1969 2029
indicates that 1n all probability the concentrations of contaminants will be reduced to below the
Basic Standards for Groundwater (5 CCR 1002 8 3 11 5) According to the modeling results
TCE CCl, DCE 11 DCE and1 1 1 TCA would comply with the state groundwater standards
by the year 2010 at the Woman Creck location In addition the orgamc contaminant
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concentrations would hikely comply with the State Basic Standards for Groundwater at the
French Drain  Although the peak concentrations of TCE remain above the TCE groundwater
standard according to the modeling results the model conservatively assumes an infinite source
Peak concentrations of TCE would 1n all probability be collected by the French Drain and
treatment system and be reduced with time to below the groundwater standard Assumptions
of the model and discussion of results are 1n Appendix B

Action Specific ARARs

The French Drain will collect contaminated groundwater for treatment for as long as 1s necessary
to consistently achieve the State groundwater standards However, some contamination may be
left due to the uncertainty of the location and volume of the contaminants the sporadic nature
of groundwater movement and the chimatic conditions at OU 1

Comphance with 6 CCR 1007 3 264 90 and 264 101 of the State RCRA program 1s required
atOU 1 Since some contammants would be left 1n place, a plan to momtor contaminants would
be required at the time of closure A RCRA performance momtoring system would be
implemented with this alternative for as long as 1s necessary to demonstrate comphance with the
state groundwater standards at the selected point of comphance Momtoring of the organic and
morganic constituents would be conducted 1n accordance with Subpart F of the State RCRA
regulations (6 CCR 1007 3 264 93 264 98) A post closure period of 30 years would be
mmtiated with CDPHE The State Basic Standards for Groundwater (S CCR 1002 8 3 11 5) are
identified as the momitoring levels since the RCRA regulations do not have the organic
contaminants listed in the groundwater protection standards of 40 CFR 264 94

Corrective action would be conducted as long as necessary to achieve the state groundwater
standards at the selected pomnt of comphance Maintenance and momtoring of constituents 1s
required until the performance monitoring system indicates no exceedances of the groundwater
standards for three consecutive years The period to achieve comphance depends on the
effectiveness of the water treatment system as well as natural degradation Implementation of

OU 1 CMS/FS Report
881 Hillside Area
February 1995 4-29




this alternative would require a determination by CDPHE that the corrective action 1s protective
of human health and the environment In addition a pomnt of comphance for the performance
monitoring system would need to be selected to demonstrate comphance with the RCRA
corrective action requirements and the groundwater protection standard (Subpart F)

Other action specific ARARS such as the Colorado Water Quality Control Act effluent
himitations for the water treatment system would be comphed with during operation of the
system

The State air pollution regulations and RCRA hazardous air pollutant standards would not be an
ARAR for this alternative since there are not technologies or facihities which could be a source

of emissions

Location Specific ARARs

Alternative 1 would undergo a significant disruption when the French Drain 1s scheduled for
decommussioning Decommussioming the French Drain will temporarily disturb wetlands and
nparian areas around the drain  The short term effect of the decommission may be a loss of
wetland acreage but the long term effect 1s expected to be a net gain in wetland acreage

Mitigation measures will be used to mimimize the impacts and to comply with regulations on
wetland protection and threatened and endangered or species of special concern

4 323 Long Term Effectiveness and Permanence

Under this alternative the French Drain removes contaminated groundwater migrating from
IHSS 1191 the area south of Building 881 and the western portion of IHSS 1192 It 1s
expected that natural degradation will be a sigmficant factor in ensuring long term effectiveness
for this alternative because of the low contaminant concentrations Groundwater monitoring will
be conducted at the site until the contaminant concentrations are consistently below the PRGs
and the agencies agree that the site 1s no longer a cause for concern For the purposes of this
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detailed analysis, the period for groundwater monitoring 1s 30 years Every 5 years a review
will be conducted at the site to determine the alternative s effectiveness and degree of

permanence

Human health risks may be reduced at the site by restricting access to wells at the site and
prohlibiting construction 1n the area The alternative can provide some long term protection for
human health and the environment provided the institutional controls remamn mn place
Carcinogenic nisks at the French Drain and Woman Creek are below the acceptable risk range
of 10* to 10° The noncarcinogemc hazard indices for the French Drain and Woman Creek do
not indicate a potential for adverse effects to human health

The French Drain passively collects groundwater rather than actively remediating the site  The
theory behind the alternative 1s that groundwater containment should adequately protect human
health and the environment The theory 1s corroborated for the contaminants by the groundwater
model with the possible exception of TCE and the human health nisk calculations The model
indicates that groundwater should meet the PRGs for the contaminants at Woman Creek with the
possible exception of TCE Because of the uncertainty regarding the location and volume of the
primary contammant source groundwater collection and treatment should continue until the
groundwater consistently meets the PRGs to increase the degree of permanence achieved by the
alternative

Wastes generated as a result of this alternative will be managed according to applicable
regulations Waste types include spent GAC and regenerant solutions from 10n-exchange resins
Regenerant solution will be treated in the Building 891 water treatment system by pH
neutralization and evaporation 1 Building 374 The spent GAC will be sent offsite for
regeneration There are no sigmficant risks associated with handling the 10n exchange resins or

shipping the spent GAC
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4324 uction of Toxa r Volum h t

Alternative 1 does not actively remediate the primary source of contamination However
operation of the French Dramn will reduce the mobility and volume of contaminants in
groundwater at OU 1 contaminant toxicity will be reduced when the groundwater 1s treated by
UV/Peroxide 1n the Building 891 water treatment system

The Building 891 treatment system currently operates with lmgh removal efficiencies for all of
the contaminants except for CCl, It 1s expected that the GAC umt from OU 2 will be added
to the Building 891 water treatment system and this modification will make 1t possible for the
system to effectively treat CCl, Wastes generated from this alternative include regenerant
solution from 10n exchange resins and spent GAC which 1s sent offsite for regeneration The
regenerant solution 1s transferred to the Building 891 water treatment system for pH
neutralization and sent to Building 374 for evaporation

contaminant removal through groundwater extraction 1s irreversible, however contamination 1n
soil at IHSS 119 1 may continue to contaminate groundwater through infiltration Degradation
and/or removal of the contaminants should eventually be achieved but may require an extended
period of time

4325 Short Term Effectiveness

Protection of human health and the environment should not increase under this alternative
because 1t does not change the processes already in place at the site The components of
Alternative 1 1nstitutional controls and operation of the French Dramn should not incur
additional nsks to the public on site workers ecological receptors or the environment
Existing safety measures used for permanent workers and visitors should offer effective and
rehable protection at OU 1  Adherence to appropriate health and safety measures will be

required for as long as monitoring activities are continued at OU 1
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The impact at Woman Creck 15 mmmmal and does not represent a departure from the current
impacts under the IM/IRA The groundwater model indicates that surface water standards for
Woman Creek should be met for all of the contaminants with the possible exception of TCE
However nsk based calculations indicate that the carcinogemc risk and noncarcinogenic hazard
are below the acceptable limats

432 6 Implementabihty

Alternative 1 should not limit the options for future remediation if 1t 18 deemed necessary It
1s easily implemented because the only addition to current site conditions 1s the implementation
of institutional controls The benefits of the current operations should not be significantly

mcreased

The rehability of the French Drain and Building 891 water treatment system 1s well documented
m the IM/IRA reports The planned addition of a GAC unit to the Building 891 water treatment
system to remove CCl, does not present any significant difficulties since the GAC umt exists
onsite and 1s readily available Groundwater momtoring will continue until the groundwater
consistently remamns below the PRGs and the agencies agree that the site 1s no longer a cause
for concem  For the purposes of the detailed analysis a 30 year period of momtoring 1s

assumed for the site

Implementability of this alternative 1s not hmited by the availability of services and matenals
associated with this alternative Institutional controls proposed under this alternative such as
deed or well restrictions, could be implemented with no significant administrative problems

4327 Cost

Capital costs associated with Alternative 1 include the installation of four groundwater
monitoring wells the O&M costs include operation of the Building 891 water treatment system

for 30 years and the post-closure costs consist groundwater momtoning for 30 years Total
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capital cost for this alternative 1s $63,800, the total O&M cost 1s $5,761,200, and the total post
closure cost 1s $1,740,400 The total cost of this alternative 1s $7,565 400 A detailed cost
estimate for this alternative 1s included in Appendix A

433 Al tive 2 n r Pumping and Soil n

The evaluation of the two threshold and five balancing criteria for Alternative 2 Groundwater
Pumping and Soil Vapor Extraction 1s summarized 1n the following subsections

4331 Ove

Alternative 2 should be protective of human health and the environment because 1t extracts and
remediates contaminated groundwater and soil vapor The exposure potential at the site is
reduced by remediating the pnimary contaminant source and reducing contaminant concentrations
to the PRGs SVE and groundwater extraction will decrease contaminant mobihity and volume

The French Drain will capture contaminated groundwater and prevent downgradient migration
of contaminants for 10 years after remediation 1s completed

The RCRA CAP cntena for controling contamination sources should be satisfied by the
components of ths alternative It should also meet the RCRA CAP criteria for attaining cleanup
standards for all of the contaminants except possibly TCE Groundwater modeling indicates that
the contammant concentrations, except perhaps TCE should be below the PRGs at the
downgradient side of the French Drain and the alluvium of Woman Creek

Woman Creek 1s an intermittent stream which requires protection for ecological receptors under
various regulatory programs  Chemical specific ARARs for OU 1 should be met by
groundwater extraction and SVE based on results of groundwater monitoring Woman Creek
surface water standards should be met for human and ecological receptors

Alternative 2 1s easily implemented because of the availabihty and mobility of SVE systems
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The degree of permanence depends on the degree to which the primary contaminant source 1s
remediated by the SVE system Fractured bedrock and low aquifer transmissivity may not be
amenable to rapid and complete remediation of DNAPL sources In addition the locations of
DNAPL sources are not well known For SVE and groundwater extraction to completely
remediate DNAPL the well should be located within or near the DNAPL source Otherwise
the extraction rate depends on the passive partitiomng capabihty of the compound to
groundwater

Thas alternative would remediate the primary contaminant source at IHSS 119 1 Carcinogenic
nisks at the French Drain and Woman Creek are currently below the acceptable risk range of 10+
to 10 therefore implementation of this alternative should lower the risk range well below 1 1n
1 000 000 Noncarcinogemic hazard indices for the French Drain and Woman Creek do not
indicate a potential for adverse effects to human health

The implementation phase of Alternative 2 should be completed 1n 4 years depending on the soil
properties contaminant concentrations carbon type and volumes of contamnated subsurface
soil and groundwater During implementation there should be no additional short term risks
to the public Potential nsks to on site workers include exposure to contaminants in
contaminated groundwater and soil vapor and safety hazards associated with dnihng and
construction activities Rusks will be minimized through standard health and safety practices

Three types of ARARs chemical specific action specific and location specific are evaluated
for each alternative The following sections evaluate the key ARARs specific to this alternative

Chemical Specific ARARs

The results of groundwater monitoring from 1989 1994 indicate that the State Basic Standards
for Groundwater (5 CCR 1002 8 3 11 5) are currently exceeded beneath OU 1  Specific
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chemical concentrations which exceed standards are PCE 12 DCA 11 DCE 12 DCE(cis)
CCL 111TCA and TCE

Organmic chemical concentrations have been modeled to reflect remediation activities at OU 1
using groundwater momtoring results and the knowledge of hydrogeological conditions The
results of groundwater modeling of the chemicals indicate that Alternative 2 would comply with
Basic Standards for Groundwater 10 years after implementation of remediation assuming the
French Dramn 1s 1n place The French Drain location would achieve the State Basic Standards
after the 10th year with the exception of TCE according to the modeling results However the
steady state model assumes the source of contamination remains during the period of
remediation contammants at the location of Woman Creek would comply with the State
Groundwater Standards sooner than 10 years after remediation Assumptions of the model and
results of the model are discussed 1n Appendix B

Action 1

Some contaminants would be left in place at the IHSSs (other than 119 1) within OU 1 The
sources at IHSS 119 would be remediated to reduce contaminant concentrations Collection of
the mobile contaminants in groundwater at the French Drain and subsequent treatment of
contammants 1n the water treatment system would continue for as long as 1s necessary to achieve
the State groundwater standards There 1s a potential for some contaminants to be Ieft in place
at some of the IHSSs since groundwater movement 1s sporadic and subject to chimatic conditions

Comphance with 6 CCR 1007 3 264 90 and 264 101 of the State RCRA program 1s required
at OU1 Comphance with either the RCRA defimtion of pomnt of compliance or the State
groundwater regulatory defimition will depend upon the selection of a pomt of comphance
location by EPA CDPHE and DOE

A plan to momitor contaminants would be required for the post closure period A RCRA
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performance momtoring system would be implemented with this alternative and would probably
be needed for 10 years after remediation according to a review of modeling results Momnitoring
of the orgamc and morganic constituents would be conducted in accordance with Subpart F of
the State RCRA regulations (6 CCR 1007 3 264 93 264 98) Momtoring would be conducted
until 1t 15 determined that the contaminants are 1n comphance with the State Basic Standards for
Groundwater (5 CCR 10028 3 115) The state groundwater standards are selected for
momtoring since the RCRA regulations do not have protection standards for the contaminants

except for selemum

Corrective action would be conducted as long as necessary to achieve the state groundwater
standards at the selected point of comphance Maintenance and momtoring of constituents 1s
required to be conducted for 30 years unless the performance momitoring system indicates no
exceedances of groundwater standards for three consecutive years and a shortened peniod of time
1s approved by CDPHE According to the results of the modeling the time period for requiring
monitoring could be 10 years after source remediation however an 1mitial post closure period
of 30 years would be imtiated with COPHE Implementation of this alternative would require
a determination by CDPHE that the corrective action 1s protective of human health and the
environment The point of comphance for the performance monitoring system would need to
be selected to demonstrate comphance with the RCRA corrective action requirements and the
groundwater protection standard (Subpart F)

Other action specific ARARS such as the Colorado Water Quality Control Act effluent
hmitations for the water treatment system would be comphed with during operation of the

system

The SVE system may be considered to be a temporary RCRA umit because the 1t treats
hazardous waste constituents Therefore the requirements of Subpart S (6 CCR 1007 3
Subsection 264 553) are applicable In addition any pre filters HEPA filters and GAC used
to remove VOCs 1n the off gas treatment system should comply with the following provisions
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] Identsification of hazardous waste (Part 261)
o Air emission standards for process vents (Subsection 264 1033)

. Air emussion standards for equipment leaks (Subsections 264 1052 264 1054 and
264 1057)

o Land disposal restrictions (Part 268)

It 1s anticipated that the operation and mobilization/demobilization of the SVE treatment unit and
treatment residuals should comply with the applicable requirements of RCRA and CHWA

The Colorado Solid Waste Regulations (6 CCR 1007 2) are an ARAR for disposal of any
residual materials that are not hazardous waste If solid waste disposal 1s necessary 1t should
be 1 accordance with the regulations

Installation of additional extraction and momtoring wells should be 1n accordance with the
Colorado Water Well and Pump Installation Regulations (2 CCR 402 2)

Location Specific ARARs

Alternative 2 should comply with laws and regulations regarding wetlands and threatened and
endangered or special concem species There may be a short term impact to wetlands from
decommissioning the French Drain but the anticipated long term effect 1s an increase 1n wetland
areas Mitigation measures will be used to mmmmize effects of the alternative on wetland habitat
m and near OU1 The CDOW will be consulted prior to disturbing wetland habitat to

mmplement adequate mitigation measures for protection of Preble s meadow jumping mouse

4 333 Long Term Effectiveness and Permanence

The primary contaminant source at IHSS 119 1 should be remediated under Alternative 2 The
French Dramn will continue to capture any contammated groundwater still migrating from IHSS

119 1 after the SVE umt 1s removed Groundwater modeling indicates that the groundwater
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should achieve the State groundwater standards after 10 years However the French Dramn
would operate until the groundwater meets PRGs Natural degradation 1n addition to the SVE
umt will be a factor 1n ensuning long term effectiveness A 5 year review of the site 1s required
to determine 1f the most effective remedy 1s still being used at OU 1

In general SVE and groundwater extraction are proven technologies for remediating
contaminated sites However the degree of permanence after remediation will depend on the
extent of DNAPL contamination outside of THSS 119 1 The geology of OU 1 may not be
amenable to rapid and complete remediation of DNAPL contamination The soil has a low
permeability and may develop preferential vapor channeling or short circmting A cap such as
a geotextile fabric will be placed around each SVE well to mmmmize the tendency for short
circuting  The location of DNAPL at the site 1s still uncertain and, to ensure complete
remediation the SVE and groundwater wells should be located withuin or near the source
Otherwise the extraction rate will strictly depend on the contaminant s partition coefficient

Altemative 2 should provide long term protection for potential human receptors by mimmizing
the human health risk associated with contaminated groundwater The calculated carcinogenic
nisks for the French Drain and Woman Creek are below the acceptable risk range of 10* to 10°
Noncarcinogenic hazard indices for the French Dramn and Woman Creek do not mndicate a
potential for adverse effects to human health

4 3 3 4 Reduction of Toxicity, Mobility, or Volume Through Treatment

Alternative 2 satisfies the NCP preference for treatment as a principal element of an alternative
Groundwater extraction and SVE should reduce the volume and mobility of contaminants in
groundwater and the unsaturated zone respectively Groundwater extraction and SVE will
reduce the volume by physically removing the contamimnants Removing the contaminants will
also reduce their mobility by preventing potential migration

Extracted groundwater will be treated in the Building 891 water treatment system using UV/
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H,0, and 10n exchange processes UV/H,0, 1s a destructive treatment process and will decrease
the contaminant toxicity Durning ion-exchange resin regeneration, the toxicity will be decreased
because the regenerant will be treated to destroy the contaminants contaminant toxicity will also
be reduced as the GAC from the SVE process 1s regenerated offsite

Wastes generated as a result of this altermative will be managed according to applicable
regulations Types of wastes include spent GAC from the off gas treatment system and Building
891 water treatment system liquid from the SVE vapor/hquid separator regenerant solution
from 10n exchange resins 1n the Building 891 water treatment system and wastes associated with
well mstallation such as drll cuttings and decontamination water The spent GAC will be
shipped offsite for regeneration and regenerant solution will be sent to Building 374 for
evaporation The decontamination water and hiquid from the SVE hquid/vapor separator will
be sent through the Building 891 water treatment system There are no significant human health
or environmental risks associated with handling the 10on exchange resins and shipping the spent
GAC

4335 Short Term Effectivenes

Short term effectiveness will be achieved through the SVE and groundwater extraction system
operations Potential short term impacts on the environment include mmor disturbances to
subsurface so1l and displacement or loss of vegetation during well installation activities The
decommission of the French Drain may temporarily decrease wetland acreage but 1t 1s expected

that the long term effect will be an increase 1n the number of wetland acres

Short term risks to the pubhic are mimmal for Alternative 2  Rusks to workers during
remediation include potential exposures to contaminants m extracted groundwater or soil vapor
and safety hazards associated with drilhing and other construction activities Rusks to workers
will be mmmumized through standard construction health and safety procedures
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4 3 3 6 Implementability

Alternative 2 1s easily implemented because SVE and groundwater extraction are commonly used
technologies that do not require umque or unusual equipment The implementability of this
alternative should not be himited by the availability of services and matenals nor should there
be significant admimstrative difficulues The combination of low contaminant concentrations
and soi1l permeability may make it more difficult to 1mplement the alternative An SVE
treatabihity study at OU 2 has been discontinued with a recommendation to not use SVE at the
site

The abihty to perform future remedial actions if any should not be mited by using SVE and
groundwater extraction A performance momtoring program will momtor the concentration of
contaminants for 13 years or more after completion of SVE Vapor and radiological monitoring
programs will be implemented during construction and remediation

Vapor extraction wells can be installed using standard dnlling techmques and construction
materials Operation of the SVE system should not require highly specialized personnel or
traiming A vapor monitoring program will be conducted at portals near the wells and the GAC
units to determine the SVE system s efficiency and approximate replacement rates for the GAC

4337 Cost

Costs for Alternative 2 mclude costs of the following items

Soil gas survey (approxumately 100 probes)

Three groundwater extraction wells (6 inch diameter 20 foot depth)

36 vapor extraction wells (4 inch diameter 20 foot depth)

Three vapor extraction systems with blowers and filters

Activated carbon adsorption system (2 vessels contaiming 1 500 pounds each)
Associated piping pumps and 1nstrumentation

Four groundwater monitoring wells (6-inch diameter 20 foot depth)
Operation of the building 891 water treatment system

Groundwater monitoring
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The total capital cost for Alternative 2 1s $925 600 The total O&M cost 1s $5 287 700
assuming operation of the Building 891 treatment system during the four year SVE treatment
period and 10 years following completion of SVE The total post closure cost of this alternative
18 $833 300 including groundwater monitoring for 13 years following completion of remediation

The total cost of this alternative 1s $7 046 600 A detailed cost estimate 1s included 1n Appendix

The evaluation of the two threshold and five balancing criteria for Alternative 3 Groundwater
Pumping and So1l Vapor Extraction with Thermal Enhancement 1s summarized in the following

sections

4341 Qvemn

Alternative 3 protects human health and the environment by removing DNAPLs from
groundwater and remediating the subsurface soil 1n situ The potential for exposure 1s reduced
by remediating the primary contaminant source and reducing contamimnant concentrations in
groundwater to the PRGs SVE and groundwater extraction will reduce contaminant mobulity

and volume

The RCRA CAP cntena for controling contamination sources will be satisfied by the
components of this alternative It will also meet the RCRA CAP critena for attaining cleanup
standards for all of the contaminants except possibly TCE Groundwater modeling indicates
that the peak contaminant concentrations except perhaps TCE would achieve PRGs at Woman
Creek Peak PCE TCE and CCl, concentrations are above the PRGs at the French Drain but
the groundwater model does not account for the operation of the French Dramn after the
alternative 1s implemented The French Drain should still be collecting groundwater at the time
of the peak concentrations
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Chemical specific ARARs should be met by using SVE and groundwater extraction 10 years
after implementation of these technologies Woman Creek 1s an intermittent stream which 1s a
concern to the ecological receptors Surface water standards established for ecological receptors
should be met at Woman Creek

Protection of human health and the environment will be achieved by removal of the source to
the extent practicable The removal after remediation will depend on the location of the source
of contamination For SVE and groundwater extraction to completely remediate DNAPL
sources the wells must be located near or 1n the DNAPL source Otherwise the extraction rate
depends on the passive partitioning capability of the compound The geology of OU 1 may also
not be amenable to rapid and complete remediation of DNAPL contamination Factors that can
be controlled such as groundwater and vapor extraction rates will be optimized to increase the
degree of remediation possible at the site

Groundwater should be protected downgradient of and within the OU 1 boundaries The French
Drain will capture groundwater for at least 10 years following completion of remediation before
bemng decommissioned Because models are based on assumptions about a site groundwater
momtoring will be performed for an additional 3 years to ensure that contaminant concentrations
remain consistently below the PRGs

RF heating may have an adverse effect on the subsurface soil due to the high temperatures
required by the mn situ process While the elevated temperatures will increase the removal
efficiency of the contaminants some subsurface and surface biota may not be able to withstand
the sustained lgh temperatures It 15 expected that the majority of biota will be able to
repopulate 1tself within a reasonable amount of time

Alternative 3 can perhaps be implemented with few administrative difficultzes because SVE and
groundwater extraction are well known processes with documented performances However
an SVE treatability study at OU 2 has been discontinued because of low contaminant

concentrations at the site RF heating 1s an mnovative technology which could cause some
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dislocation of fauna and destruction of flora The areas currently targeted for this technology
are a dustance from the ripanan habitat of Preble s meadow jumping mouse

Because Alternative 3 should remediate the primary contaminant source at THSS 119 1 modeling
shows that the carcinogenic risks at the French Drain and Woman Creek should be below the
acceptable nisk range of 10* to 10° The noncarcinogemic hazards associated with this
alternative at the French Drain and Woman Creek do not indicate a potential for adverse effects
to human health

The 1mplementation of SVE with thermal enhancement should be completed within 3 years
Durning implementation there are no unacceptable short term risks to the public although there

may be some risks to flora and fauna at the site There may also be potential risks to on site
workers from exposure to contaminated water or soil vapor in addition to safety hazards
associated with drilling construction activities, and operating the RF heating elements Rusks
will be mmimized through standard health and safety practices

Three types of ARARs chemical specific action specific and location specific are evaluated
for each alternative The following sections evaluate the key ARARS specific to this alternative

Chemucal Specific ARARs

The results of groundwater momtoring from 1989 1994 indicate that the State Basic Standards
for Groundwater (5 CCR 1002 8,3 11 5) are currently exceeded beneath OU 1  Specific
chemical concentrations which exceed standards are PCE 12 DCA 11 DCE 12 DCE(c1s)
CCl, 111 TCA and TCE

Orgamc chemical concentrations have been modeled to reflect remediation activities at OU 1
using groundwater monitoring results and the knowledge of hydrogeological conditions The
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results of groundwater modeling of the chemicals indicate that Alternative 3 would comply with
Basic Standards for Groundwater 10 years after implementation of remediation assuming the
French Drain 1s 1n place The French Drain location would achieve the State Basic Standards
after the 10th year with the exception of TCE according to the modeling results However the
steady state model assumes the source of contammnation remains during the peniod of
remediation  contaminants at the location of Woman Creek would comply with the State
Groundwater Standards sooner than 10 years after remediation Assumptions of the model and
results of the model are discussed 1n Appendix B

Action 1fic

The action specific ARARSs associated with Alternative 3 are the same as presented mn Alternative
2 Comphance with RCRA requirements for identification storage and disposal of hazardous
waste and organic air emissions and leaks should be achieved Comphance with other action
specific ARARS 15 anticipated to be similar to the comphance discussed under Alternative 2

Some contaminants would be left in place at the IHSSs (other than 119 1) within OU 1 The
sources at IHSS 119 would be remediated to reduce contaminant concentrations Collection of
the mobile contaminants m groundwater at the French Drain and subsequent treatment of
contaminants 1n the water treatment system would continue for as long as 1s necessary to achieve
the State groundwater standards There 1s a potential for some contaminants to be left i place
at some of the IHSSs since groundwater movement 1s sporadic and subject to chimatic conditions

Comphiance with 6 CCR 1007 3 264 90 and 264 101 of the State RCRA program 1s required
at OU1 Comphance with either the RCRA defimtion of point of comphance or the State
groundwater regulatory defimtion will depend upon the selection of a pomt of comphance
location by EPA CDPHE and DOE

A plan to momtor contammants would be required for the post closure period A RCRA
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performance monitoring system would be implemented with this alternative and would probably
be needed for 10 years after remediation based on modeling results Monitoring of the organic
constituents would be conducted 1n accordance with Subpart F of the State RCRA regulations
(6 CCR 1007 3 264 93 264 98) Monitoring would be conducted until 1t 1s determined that the
contaminants are in comphance with the State Basic Standards for Groundwater (5 CCR 1002 8
3 115) The state groundwater standards are selected for momtoring since the RCRA
regulations do not have protection standards for the contammants except for selenum

Corrective action would be conducted as long as necessary to achieve the state groundwater
standards at the selected poimnt of comphance Maintenance and momtoring of constituents 1s
required to be conducted for 30 years unless the performance momtoring system indicates no
exceedances of groundwater standards for three consecutive years and a shortened period of time
15 approved by CDPHE According to the results of the modehing the time period for requiring
momtoring could be 10 years after source remediation however an mmtial post-closure period
of 30 years would be imtiated with CDPHE Implementation of this alternative would require
a determination by CDPHE that the corrective action 1s protective of human health and the
environment The pomt of comphance for the performance monitoring system would need to
be selected to demonstrate comphiance with the RCRA corrective action requirements and the
groundwater protection standard (Subpart F)

Other action specific ARARS, such as the Colorado Water Quality Control Act effluent
hmatations for the water treatment system would be comphed with during operation of the
system

on 1

Assuming additional extraction wells are placed away from the French Drain and Pond C 1
destruction of ripanan vegetation and fauna during thermal enhancement should be mimmal
Comphance with DOE wetland protection regulations and the State s law concerming non game
species should be achieved 1f this alternative 1s implemented Should 1t be necessary riparian
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habitat will be replaced 1f 1t 1s destroyed by RF heating

Impacts from decommissioning the French Drain may result 1n a short term loss of wetlands
However 1t 1s anticipated that the net effect of the decommissioning should be a long term gain

1n wetland acreage

4 3 43 Long Term Effectiveness and Permanence

Alternative 3 should remediate the primary contaminant source at IHSS 119 1 The French
Drain and extraction wells will extract contaminated groundwater for 10 years after
mmplementation of the SVE and RF heating Because models are based on assumptions about
a site an additional 3 years of groundwater momitoring will be used to ensure long term
effectiveness It 1s assumed that the low mitial contaminant concentrations will be a factor in
ensuring long term effectiveness A 5 year review of the site will be conducted to determine

the effectiveness of the alternative

Alternative 3 may provide a high degree of permanence because thermal enhanced SVE should
remove more residual contaminants trapped within the subsurface soil at OU 1 than normal SVE
operation However the degree of permanence after remediation will depend on the exact
location of the source of contaminants The locations of DNAPL are not well-defined and for
SVE and groundwater extraction to completely remediate a site the wells must be located near
or in the DNAPL Otherwise the process depends on the passive partiiomng capability of the
contammant In addition the geology of OU 1 may not be amenable to rapid and complete
remediation of DNAPL contammation The soil has a low permeability and may develop
preferential vapor channehing or short circuiting  To mimmize the tendency for short circuiting
a cap such as a geotextile fabric will be placed around each SVE well

Long term protection for human and ecological receptors should begmn shortly after the
alternative 1s implemented The calculated carcinogenic risks at the French Drain and Woman
Creek after implementation of this alternative are below the acceptable risk range of 10* to 10-
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® The noncarcinogemc hazards associated with this alternative at the French Drain and Woman
Creek do not indicate a potential for adverse effects to human health A 5 year review will be
conducted to determine the continued effectiveness of this alternative

Wastes generated as a result of this alternative will be managed in comphance with applicable
regulations The wastes include iqmd from the SVE hquid/vapor separator spent GAC from
the off gas treatment system and Building 891 water treatment system, regenerants solution from
1on exchange resins 1n the Bmlding 891 water treatment system and wastes associated with well
nstallations such as dnll cuttings and decontamination water The SVE hquid/vapor separator
waste and the decontammation water can be sent to Building 891 The regenerant solution from
the 10n exchange resins will be pH neutralized and sent to Building 374 for evaporation The
spent GAC will be sent offsite for regeneration There are no sigmficant nsks associated with
handhng the resins or shipping the spent GAC

4344 n of M Volume h 1

Alternative 3 satisfies the NCP preference for treatment as a principal element of the alternative
The volume and mobility of the DNAPLs are reduced through groundwater extraction and
thermally enhanced SVE Physically removing the contaminants will reduce their mobility by
preventing additional migration

Extracted groundwater and waste from the SVE hiquid/vapor separator will be treated at Building
891 by UV/Peroxide and 1on-exchange processes UV/H,0, 1s a destructive water treatment
process and results 1n decreased toxicity Spent GAC from the SVE off gas treatment system
will be regenerated offsite resulting 1n an additional reduction 1n toxicity

Contaminated materials generated as a result of this alternative include GAC from the off gas
treatment system and Building 891 water treatment system, hquid from the SVE hquid/vapor
separator regenerants solution from ion-exchange resins in the Building 891 water treatment

system and wastes associated with well installation such as dnll cuttings and decontamination
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water The regenerants solution from 10n exchange resins will be pH neutralized and sent to
Building 374 for evaporation The hiquud from the SVE separator and decontamination water
will be sent to Building 891 for treatment The spent GAC will be shupped offsite for treatment
There are no significant risks associated with handling the regenerant solution or shipping the
spent GAC

4345 Short Term Effectiveness

Protection of human health and the environment should begin shortly after implementing
Alternative 3  Potential short term impacts on the environment include disturbance to the
subsurface soil and displacement or loss of vegetation during construction activities The RF
heating may adversely affect some subsurface biota due to high soil temperatures but 1t 1s
anticipated that the biota will repopulate within a reasonable amount of ime Decommissioning
the French Drain may result 1n a short term loss of wetlands but 1t 1s anticipated that the net

effect of the decommussion should be a gain 1n wetland acreage

Potential short term 1mpacts to the public are mimmal under Alternative 3 Potential risks to
workers during remediation activities include exposure to contaminants in extracted groundwater
or soul vapor There may be safety hazards associated with drilling and other construction
activities as well as with the operation of the RF heating devices Ruisks to workers will be
mmmmized through standard health and safety practices

4 3 4 6 Implementability

Alternative 3 can be readily implemented SVE and groundwater extraction are proven and
commonly used technologies that do not require umque or unusual equipment Although RF
heating 15 a less common vanation of the SVE process 1t 1s available through specialized
vendors The implementability of Alternative 3 should not be limited by the availability of
services and materials nor should there be sigmficant admimstrative difficuities Because of the
low soil permeability and contaminant concentrations there may be techmcal difficulties 1
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mmplementing a SVE system A treatability study at OU 2 indicated that SVE was not a good
option for that site

The ability to conduct future remedial actions 1f necessary should not be hmited by
implementation of thermally enhanced SVE and groundwater extraction  Groundwater
monitoring will track potential movement of contaminants for at least 13 years Vapor and
radiological momtoring will be conducted during the construction and remediation

Vapor extraction wells will be installed using standard dnilhing techmques and construction
materials Operation of the basic SVE system should not require lughly specialized personnel
or traiming however operation of the RF heating antennae may require special training or
assistance from the vendor The RF antennae can be installed in one or more of the vapor
extraction wells and moved from one well to another as required by the treatment process RF
heating does not produce treatment residual waste

A vapor monitoring program conducted at the wells and GAC umts, will monitor the SVE
system s efficiency and determine replacement rates for the GAC umits Spent GAC from the
off gas treatment system and the Building 891 water treatment system will be sent offsite for
regeneration  Ion exchange resins from the Building 891 water treatment system will be
regenerated onsite and the regenerants solution pH neutralized and sent to Building 374 for
evaporation Liquid from the SVE hquid/vapor separator and decontamination water will be sent
to the Building 891 water treatment system

4347 Cost

Costs for Alternative 3 include the following items

Soil gas survey (approximately 100 probes)

Three groundwater extraction wells (6-inch diameter, 20 foot depth)

36 vapor extraction wells (4-inch diameter 20-foot depth)

Four groundwater momtoring wells (6 inch diameter 20 foot depth)

Three vapor extraction systems with blowers filters and other appurtenances
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GAC system (two skid mounted units contaiming 1 500 pounds of GAC each)
RF heating unit

Associated piping pumps and instrumentation

Operation of the building 891 water treatment system

Groundwater monitoring

The total capital cost of Alternative 3 15 $1 843 600 The total O&M cost 1s $4 798 200
assuming operation of the building 891 treatment system during the two year SVE treatment
period and for 10 years following SVE The total post closure cost for this alternative 1s
$918 700 including groundwater monitoring for 13 years following completion of remediation
The total cost of this alternative 1s $7 560 500 A detailed cost estimate 15 included 1n Appendix

The evaluation of the two threshold and five balancing criteria for Alternative 4 Hot Air
Injection with Mechamical Mixing 1s summarized in the following subsections

4351 Qverall Protection of Human Health and the Environment

Alternative 4 protects human health and the environment by removing DNAPL contaminants
from subsurface soil and 1if possible groundwater at IHSS 119 1 The exposure potential 1s
reduced by decreasing the volume of contaminants through groundwater extraction and
remediation of the primary contaminant source The French Drain and extraction wells will
decrease contammnant mobility by capturing contaminated groundwater and preventing
downgradient migration of contaminants

The RCRA CAP cntenia for controlling contamination sources will be satisfied by the
components of this alternative It will also meet the RCRA CAP crnitena for attaiming cleanup
standards for all of the contaminants except possibly TCE Groundwater modeling indicates that
the peak contaminant concentrations at Woman Creek except perhaps TCE will be below the
PRGs According to the model TCE PCE and CCl, may not meet the PRGs at the French
OU 1 CMS/FS Report
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Drain however the model does not mclude the French Drain which should be operating to
reduce peak concentrations

Alternative 4 should meet key ARARSs at the French Drain and Woman Creek The intermattent
stream status of Woman Creek 15 a concern to ecological receptors Surface water standards
established for ecological receptors should be met at Woman Creek

Hot airr mjection may have an adverse effect on the soll at OU 1 due to the high soil
temperatures that are reached during operation While the elevated temperatures may increase
the effectiveness of the alternative they may be harmful to some subsurface brota in the short
term It 1s expected that the biota will repopulate itself in a reasonable amount of time

Alternative 4 should provide permanence by remediating the primary contaminant area at IHSS
119 1 and reducing long term risks to human health and the environment The degree of
permanence achieved at the site depends on the extent that the primary contaminant area 1s
remediated Uncertainties regarding the nature and extent of the DNAPL sources may limit the
degree of permanence achieved by Alternative 4

Because this alternative should remediate the source at IHSS 119 1, groundwater modeling
indicates that carcinogenic risk levels at the French Drain and Woman Creek are below the
acceptable nisk range of 10* to 10° Noncarcinogenic hazard indices for the French Drain and
Woman Creek do not indicate a potential for adverse effects to human health

This alternative should be completed 1n approximately 1 year depending on the actual volumes
of contaminated soil and groundwater contaminant concentrations and mobilization time There
should be no additional short term risks to the public during implementation Potential health
risks to on site workers occur from exposure to contaminants 1n groundwater and soil vapor and
safety hazards associated with construction activities hot air mjection and operation of the
mechanical mixer tool Risks will be mmmimized through standard health and safety practices
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Three types of ARARs chemical specific action specific and location specific are evaluated
for each alternative The following sections evaluate the key ARARs specific to this alternative

The designation of ARARs for this alternative 1s the same as presented i Alternative 3
Alternative 4 should comply with chemical specific action specific and location specific

The results of groundwater momtoring from 1989 1994 indicate that the State Basic Standards
for Groundwater (5 CCR 1002 8 3 11 5) are currently exceeded beneath OU 1  Specific
chemical concentrations which exceed standards are PCE, 1 2 DCA, 1 1 DCE, 1,2 DCE(c1s)
CCL 111TCA and TCE

Organic chemical concentrations have been modeled to reflect remediation activities at OU 1
using groundwater momtoring results and the knowledge of hydrogeological conditions The
results of groundwater modeling of the chemucals indicate that Alternative 4 would comply with
Basic Standards for Groundwater 10 years after implementation of remediation, assuming the
French Dramn 1s in place The French Drain location would achieve the State Basic Standards
after the 10th year with the exception of TCE according to the modeling results However the
steady state model assumes the source of contamination remains during the period of
remediation  contaminants at the location of Woman Creek would comply with the State
Groundwater Standards sooner than 10 years after remediation Assumptions of the model and
results of the model are discussed in Appendix B

Action 1fi

Alternative 4 simlar to Alternative 3 may enhance the volume of contaminants that can be
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extracted from the soil Vapor momtoring will be used to determine the effectiveness of the
system and to ensure that breakthrough does not occur i the GAC systems

Some contaminants would be left in place at the IHSSs (other than 119.1) within OU 1 The
sources at IHSS 119 would be remediated to reduce contaminant concentrations Collection of
the mobile contammants 1n groundwater at the French Dramn and subsequent treatment of
contamnants 1n the water treatment system would continue for as long as 1s necessary to achieve
the State groundwater standards There 1s a potential for some contaminants to be left in place
at some of the THSSs since groundwater movement 1s sporadic and subject to climatic conditions

Comphance with 6 CCR 1007 3 264 90 and 264 101 of the State RCRA program 1s required
at OU1 Comphance with erther the RCRA defimition of point of comphance or the State
groundwater regulatory defimtion will depend upon the selection of a pomnt of comphance
location by EPA CDPHE and DOE

A plan to momtor contaminants would be required for the post closure penod A RCRA
performance momitoring system would be implemented with this alternative and would probably
be needed for 13 years or more after remediation according to the modeling results Monitoring
of the organic constituents would be conducted 1n accordance with Subpart F of the State RCRA
regulations (6 CCR 1007 3 264 93 264 98) Momtoring would be conducted until 1t 1s
determined that the contaminants are in comphance with the State Basic Standards for
Groundwater (5 CCR 10028 3 115) The state groundwater standards are selected for
momnitoring since the RCRA regulations do not have protection standards for the contaminants

except for selenum

Corrective action would be conducted as long as necessary to achieve the state groundwater
standards at the selected pomnt of comphance Maintenance and momtoring of constituents 1s
required to be conducted for 30 years unless the performance momtoring system indicates no
exceedances of groundwater standards for three consecutive years and a shortened period of time
1s approved by CDPHE According to the results of the modeling the time period for requiring
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monitoring could be as short as 13 years after source remediation however an immtial post
closure period of 30 years would be 1mitiated with CDPHE Implementation of this alternative
would require a determination by CDPHE that the corrective action 1s protective of human health
and the environment The point of compliance for the performance momtoring system would
need to be selected to demonstrate compliance with the RCRA corrective action requirements
and the groundwater protection standard (Subpart F)

Other action specific ARARS such as the Colorado Water Quality Control Act effluent
hmitations for the water treatment system would be comphied with during operation of the
system  Other action specific ARARs should be comphed with in a manner sumlar to
Alternative 3

Location Specific ARARS

It 1s assumed that mechamical mixing hot air mnjection and extraction well installation will not
be completed 1n the riparian habitat near the French Drain and Pond C 1 Ruparian habitat will
be replaced if 1t 1s inadvertently destroyed by the hot arr from the mechanical mixer It 1s
anticipated that comphance with DOE and Colorado regulations concerming wetlands and
nongame species should be achieved with the implementation of this alternative

4353 Long Term Effectiveness and Permanence

Alternative 4 should protect human health and the environment by removing contaminated
groundwater and remediating contaminated soil at IHSS 119 1 The French Drain will extract
and treat contaminated groundwater at IHSS 119 1 until the groundwater 1s reduced below the
PRGs Groundwater modeling indicates that the groundwater should be free from DNAPL
contamination within 10 years Because groundwater models are based on assumptions about
a site however three additional years of momtoring and operation of the French Drain will be
conducted to ensure that the groundwater remains below the PRGs The additional monitoring

and collection should provide long term effectiveness and mimimize the risk to human health and
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the environment The low contaminant concentrations and natural degradation should also be
a factor in providing long term effectiveness

The carcinogenic risks from IHSS 119 1 at the French Drain and Woman Creek are below the
acceptable risk range of 10* to 10 primarily because the DNAPL contamination 1s remediated
at IHSS 119 1 Noncarcinogenic hazard indices at the French Drain and Woman Creek do not
mdicate a potential for adverse effects to human health

The mechanical mixer hot air injection process should provide a large degree of permanence 1f
the primary contaminant source 1s fully remediated The process maxmmizes the chance for full
remediation by providing a homogenous mixture high airflow through the so1l and an increased
soil permeability for ease of removing contaminants Uncertanties regarding the nature and
extent of the DNAPL contamination may himit the permanence of this alternative A 5 year
review of the alternative will be used to determine the degree of remediation achueved by the

mechanical mixer hot air injection process

Wastes generated as a result of this alternative will be managed in comphance with apphcable
regulations The wastes include hquid from a SVE hquid/vapor separator spent GAC from the
off gas treatment system and Building 891 water treatment system regenerant solution from 10n

exchange resins 1n the Building 891 water treatment system and wastes associated with well
mstallation such as dnll cuttings and decontamination water The hquid/vapor separator waste
and the decontamination water can be sent to Building 891 The regenerant solution from the
10n-exchange resins will be pH neutralized and sent to Building 374 for evaporation The spent
GAC will be sent offsite for regeneration There are no significant nisks associated with
handhng the regenerant solution and shipping the spent GAC

4354 ction of Toxicity, Mobil r Volum

Alternative 4 should satisfy the NCP preference for treatment as a principal element of an
alternative Removing DNAPLs from the subsurface soil and groundwater will effectively
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reduce the mobihity and volume of contaminants at IHSS 119 1 The mechamcal mixer hot air
njection process should increase the soil permeability and volatiization rate thereby increasing
the volume of contaminants that can be removed from the subsurface soill Groundwater
extraction will reduce the contaminant volume in groundwater and the French Drain will prevent
potential migration of the contaminants outside of OU 1 Remediating the subsurface soil and
groundwater will reduce contaminant mobility by preventing potential downgradient migration

Extracted groundwater and waste from the hiquid/vapor separator will be treated by UV/H,0,
1on exchange and GAC processes 1n the Building 891 water treatment system UV/H,0, 1s a
destructive treatment process and will result 1n decreased contaminant toxicity GAC from the
off gas treatment system will be regenerated offsite resulting 1n reduced contaminant toxicity

Wastes generated as a result of this alternative will be managed 1n comphance with apphcable
regulations The wastes include hiquid from a hiquid/vapor separator spent GAC from the off

gas treatment system and Building 891 water treatment system regenerant solution from ion

exchange resins 1 the Building 891 water treatment system and wastes associated with well
mstallation such as drill cuttings and decontamination water

4355 Short Term Effectiveness

Protection of human health and the environment should begin shortly after implementing
Alternative 4 Short term 1mpacts on the environment include soil disturbance and displacement
or loss of vegetation during remedial activities The hot air injection and mechamcal mixing
may affect some subsurface biota due to the high temperatures that are reached duning operation

but 1t 1s expected that the biota will repopulate itself within a reasonable amount of time

Groundwater modeling for Alternative 4 indicates that the peak concentrations at Woman Creek
are below the surface water standards The actual peak concentrations should be less than the
modeled concentrations because the model assumed that the French Dramn would be
decommussioned when the alternative was mmplemented Ecological receptors may be more
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affected by Woman Creek s intermittent stream status than by the contaminant concentrations

Potential short term 1mpacts to the pubhic are minimal under this alternative  Potential risks to
workers during remediation 1nclude exposure to contaminants 1n extracted groundwater and soil
vapor Workers may also be exposed to health and safety hazards associated with the operation
of the mechanical mixer Mixing the soil may increase the nisks associated with operating heavy
equipment because of the increased possibility of unstable soll The nisks will be minimized
through standard health and safety practices

4 35 6 Implementabihity

Although the technology 1s not as common as other applicable technologies, equipment for hot
air myection and mechanical mixing 1s available from specialized vendors Alternative 4 should
not have any sigmficant admimstrative difficulties unless the hot air mmjection and mechamical
mixing are conducted in the riparian habitat areas along Woman Creek

The technology may be difficult to implement due to the instability of the claystone soil found
at OU 1 Safety hazards may occur during remediation because the mixing may increase the
possibility for slope failures by decreasing the soil s cohesive properties Also the treatment
zone may become completely mixed saturated and soft as the remediation progresses
Installing the necessary dewatering and monitoring wells into the treatment zone may be dufficult
if a dnll ng cannot be driven onto the soil

4357 Cost

Costs for Alternative 4 include the following items

So1l gas survey (approximately 100 probes)

Four groundwater monitoring wells

Mechanical mixing umit (including off gas treatment)
Associated piping pumps and instrumentation
Operation of the building 891 water treatment system
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* Groundwater monitoring

The total capital cost for Alternative 4 1s $1 781 400 The total O&M cost 1s $3 113 000
mcluding operation of the Building 891 treatment system for 10 years following the completion
of remediation The total post closure cost 1s $1 120 700 including groundwater monitoring for
13 years following completion of remediation The total cost of this alternative 1s $6 015 100
A detailed cost estimate 1s included in Appendix A

43 6 Alternative 5. Soil Excavation with Groundwater Pumping

The evaluation of the two threshold and five balancing criteria for Altermative 5  Soil

Excavation with Groundwater Pumping 1s summarized 1n the following subsections

43 61 Overall Protection of Human Health and the Environment

Alternative 5 will be protective of human health and the environment by using a combination
of so1l excavation groundwater extraction and treatment of contaminated so1l and groundwater

The exposure potential is reduced at the site by decreasing the contaminant concentrations
through groundwater extraction and removal of the primary contamimnant source The French
Drain will capture contaminated groundwater and prevent downgradient migration of
contaminants

The RCRA CAP standard for controlling contamination sources will be satisfied by the
components of Alternative 5 Alternative § will also meet the RCRA CAP standard for attaining
cleanup standards for all of the contaminants with the possibie exception of TCE Groundwater
modeling indicates that the peak contaminant concentrations except perhaps TCE will be below
the PRGs at Woman Creek PCE TCE, and CCl, may not meet the PRGs at the French Drain
but the groundwater model assumed that the French Drain operation would be discontinued when
Alternative 5 1s 1mplemented
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The soil excavation and groundwater extraction of Alternative 5 should allow OU 1 to meet
chemical specific ARARs at the French Drain and Woman Creek Woman Creek as an
mtermittent stream 1s a concern for ecological receptors  Surface water standards should also
be met at Woman Creek for both human and ecological receptors Alternative 5 will provide
long term effectiveness because 1t removes the source of contamination, offers a high degree of
permanence and should be an effective method for removing DNAPLs from the site The
degree of permanence 1s dependent on the extent to which the sources in IHSS 119 1 are
remediated Uncertainties regarding the actual nature and extent of the DNAPL sources may
limit the degree of permanence achieved by Alternative 5

Alternative 5 may have a significant impact on the environment due to the large excavation soil
storage and transportation requirements Excavating the source area will adversely impact the
flora fauna and subsurface biota of the area It 1s anticipated that proper mitigation and
reclamation measures will mmimize long term effects from this alternative However 1f the
Preble s meadow jumping mouse becomes a Federally protected Endangered/Threatened species

the consultation process with US Fish and Wildife may require additional unanticipated

measurcs

The carcinogenic nisk levels associated with DNAPLs at the French Drain and Woman Creek
under this alternative are lower than the acceptable risk range of 10 to 10 because the primary
source of contamination 1s removed through excavation and the contaminant groundwater plume
1 captured by the French Drain The noncarcinogenic hazards associated with the alternative
at the French Drain and Woman Creek do not indicate a potential for adverse effects to human
health

It 1s anticipated that treatment of contaminated soils should be completed within 1 to 2 years of
implementation depending on the contaminant concentrations subsurface soil volume and the
capacity of the thermal desorption umt During implementation there 1s a potential for risk to
the public due to contaminated fugitive dust generated during the excavation transportation and
storage of large volumes of subsurface soll Rusks to the public should be mimmized by using
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dust suppressants 1 ¢ water to suppress the fugitive dust during transport and the construction
of a roof or other cover for the storage areas Potential nisks to workers may occur from

exposure to contaminants in groundwater soil and fugitive dust Workers may encounter safety

hazards associated with operating excavation/backfill equipment and the thermal desorption umt
Rusks to workers will be mimimized through standard health and safety practices

Three types of ARARs chemical specific action specific and location specific are evaluated
for each alternative The following sections evaluate the key ARARSs specific to this alternative

The ARARSs associated with this alternative are very sumilar to those presented and discussed for
Alternatives 3 and 4 Alternative 5 should comply with chemical specific, location specific and
action specific ARARs

Chemi Hfic

The results of groundwater momtoring from 1989 1994 indicate that the State Basic Standards
for Groundwater (5 CCR 1002 8 3 11 5) are currently exceeded beneath OU 1  Specific
chemical concentrations which exceed standards are PCE 12 DCA 11 DCE 1 2 DCE(c1s),
CCL 111 TCA and TCE

Organic chemical concentrations have been modeled to reflect remediation activities at QU 1
using groundwater momtoring results and the knowledge of hydrogeological conditions The
results of groundwater modeling of the chemicals indicate that Alternative 5 would comply with
Basic Standards for Groundwater 10 years after implementation of remediation assuming the
French Drain 1s 1n place The French Drain location would achieve the State Basic Standards
after the 10th year with the exception of TCE according to the modeling results However the
steady state model assumes the source of contamination remamns during the period of
remediation contaminants at the location of Woman Creek would comply with the State
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Groundwater Standards sooner than 10 years after remediation Assumptions of the model and
results of the model are discussed 1in Appendix B

Action 1fic ARARS

Some contaminants would be left in place at the IHSSs (other than 119 1) within OU 1 The
sources at THSS 119 would be remediated to reduce contaminant concentrations Collection of
the mobile contaminants in groundwater at the French Drain and subsequent treatment of
contaminants 1n the water treatment system would continue for as long as 1s necessary to achieve
the State groundwater standards There 1s a potential for some contaminants to be left 1n place
at some of the IHSSs since groundwater movement 1s sporadic and subject to climatic conditions

Comphliance with 6 CCR 1007 3 264 90 and 264 101 of the State RCRA program 1s required
at OU1 Comphance with either the RCRA defimtion of pont of comphance or the State
groundwater regulatory defimtion will depend upon the selection of a point of comphance
location by EPA CDPHE and DOE

A groundwater momtoring plan would be required for the post-closure peiod A RCRA
performance momtoring system would be implemented with this alternative and would probably
be needed for 13 years or more Momitoring of the organic and morgamc constituents would
be conducted 1n accordance with Subpart F of the State RCRA regulations (6 CCR 1007 3
264 93 264 98) Momtoring would be conducted until 1t 1s determined that the contaminants are
1n comphiance with the State Basic Standards for Groundwater (5 CCR 1002 8 3 115) The
state groundwater standards are selected for monitoring since the RCRA regulations do not have
protection standards for the contaminants except for selemum

Corrective action would be conducted as long as necessary to achieve the state groundwater
standards at the selected pomnt of comphance Mamtenance and momtoring of constituents 1s
required to be conducted for 30 years unless the performance monitoring system indicates no
exceedances of groundwater standards for three consecutive years and a shortened period of time
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1s approved by CDPHE According to the results of the modeling the required monitoring
pertod 1s 10 years after source remediation however an mmtial post closure period of 30 years
would be mmtiated with CDPHE Implementation of this alternative would require a
determination by CDPHE that the corrective action 1s protective of human health and the
environment The point of comphance for the performance momitoring system would need to
be selected to demonstrate comphiance with the RCRA corrective action requirements and the
groundwater protection standard (Subpart F)

Subsurface soils at OU 1 contain histed hazardous wastes and are potentially regulated under
Subtitle C of RCRA Delisting of the treated soils at OU 1 1s a potential option as the treated
soil should meet the RCRA dehisting requirements 1n A Guude to Delisnng of RCRA Wastes for
Superfund Remedial Responses (OSWER # 9347 3-09FS) Delisting of the treated soils would
allow disposal of the soils on site The delisting process can require two years of agency review
and approval

Site specific treatability study data may become available from other OUs 1n the future Data
provided by the suppher of the thermal desorption umt shows that treatment of similar wastes
has resulted 1in constituent levels below the delisting criteria the Maximum Allowable
Concentrations (MACs) The constituents found 1n the subsurface soil that are listed wastes are

carbon tetrachlonde
tetrachloroethene

1 1,1 tnichloroethane
trichloroethene
toluene

xylenes

The treated soil should pose no significant threat to groundwater and would be fully protective

of human health and the environment

Venfication testing 1n all hkelthood would need to be performed after treatment to confirm
delisting levels The verification testing would include analysis for total and TCLP leachate
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concentrations  Verification testing would be performed using the appropmate QA/QC
procedures

It 1s possible that EPA s proposed defimition and treatment standards for hazardous soil could
be promulgated prior to the final CAD/ROD It 1s anticipated that this alternative should meet
any changes to the definition and treatment standards for hazardous soil Other action specific
ARARS such as the Colorado Water Quality Control Act effluent limitations and stormwater
regulations should be complhied with during the remedial activiies The State s air pollution
regulations should not be an ARAR since there are no technologies or facilities at QU 1 which

could be a source of emissions

Location Specific ARARs

Dewatering will involve placing a PVC pipe from the excavation to the French Dramn  Although
the construction area mvolved 1n the activity would be small there may be a short term impact
to riparian and wetland areas around the French Drain Mitigation measures will be used to
mimmize the disruption however any destroyed ripanan areas will be replaced or created
according to DOE wetland regulations

Alternative 5 may result 1n adverse effects to threatened and endangered species or species of
special concern at the site  Mitigation measures will be discussed with the CDOW to minimize
habitat disruption and to comply with regulations for species such as the Preble s meadow
jumping mouse Should the mouse become a Federally protected species consultation with the
U S Fish and Wildlife Service will be imtiated to comply with Section 7 of the Endangered
Species Act

4363 Long Term Effectiveness and Permanence

The excavation to bedrock and dewatering components of Alternative 5 will significantly reduce
potential risks to human health and the environment by removing contaminated groundwater and
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subsurface soll The French Dramn and Building 891 water treatment system will continue to
extract and treat contaminated groundwater until concentrations at the IHSS are reduced below
the PRGs Groundwater modeling indicates that the contaminated groundwater should be
removed after 10 years Because groundwater models are based on assumptions rather than
known quantities at a site an additional 3 years of momtoring will be conducted to achieve the
groundwater PRGs

The carcinogemc risks for the French Drain and Woman Creek are below the acceptable risk
range of 10* to 10° because the contaminated soil and groundwater are removed from the
treatment area The noncarcinogenic hazard indices associated with the French Drain and
Woman Creek do not indicate a potential for adverse effects to human heaith

Following treatment of the primary contaminant source contaminated groundwater within OU 1
may continue to migrate away from IHSS 119 1 Modehng indicates that because of the French
Drain and the source removal groundwater should meet PRGs for the contaminants at Woman
Creek thereby providing long term effectiveness and mmmimizing human health risks

Alternative 5 should provide a mgh degree of permanence if the sources at IHSS 119 1 are fully
remediated Uncertainties regarding the nature and extent of the DNAPL sources may limit the
degree of permanence achieved by the alternative A 5 year review should be conducted to

determine the effectiveness of this alternative

To further provide long term protection and minimize human health nisk excavated soil will be
managed according to applicable regulations and treated to below LDR standards or levels of
concern Disposal will be at a permitted TSD facility with the possibility of on site disposal

if approved by CDPHE through the petition process There should be no significant risks
associated with handling nonradioactive treated soil

4 3 6 4 Reduction of Toxicity, Mobility, or Volume Through Treatment

Alternative 5 satisfies the NCP preference for treatment as a principal element of an alternative
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It should effectively and irreversibly reduce the mobility and volume of contaminants in OU 1
by removing the primary source of contaminants from the subsurface and groundwater
Excavating an estimated 17 500 cubic yards of soil within the treatment zone will reduce the
volume of contammants in subsurface soil in both the saturated and unsaturated zones
Removing the source of the contaminants will also reduce contaminant mobility by preventing
potential migration Dewatering the treatment area of an estimated 80 000 gallons of
groundwater will reduce the contammant volume and mobility

Treating the contaminated so1l will reduce the contaminant volume and toxicity 1n the soil prior
to disposal at a properly permitted TSD facility or potentially onsite In addition extracted
groundwater will be treated using the UV/H,0, 1on-exchange, and GAC processes in the
Building 891 water treatment system UV/H,0, 1s a destructive and 1rreversible process and will
decrease contaminant toxicity

Wastes generated as a result of this altemative include regenerant solution from ion exchange
resmns and GAC from the Building 891 water treatment system treated soil, and wastes from
well installation such as drill cuttings and decontammation water The secondary wastes
produced during treatment and the processes used to treat these wastes include

o Regeneration of the 10n-exchange resins resulting 1n a solution that will be treated
at the Building 374 Bvaporator

o Spent GAC that will be sent offsite for regeneration

o Decontamination water that will be sent to Building 891 for treatment by the
UV/H,0, and 10n exchange processes

. The treated soil and wastes such as drill cuttings will be managed according to
applicable regulations before being transported to a permutted TSD facility

There should be no sigmficant risks associated with handling the wastes or shipping
nonradioactive treated soil
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4365 Short Term Effectiveness

Protection of human health and the environment should begin shortly after the excavation 1s
completed for Alternative 5 However the alternative may have sigmificant short term impacts
on human health and the environment such as potential worker and public health exposure to
fugitive dust created during the excavation, transportation, and storage of excavated soil
Additional short term effects include the displacement or destruction of vegetation

Alternative 5 will have a sigmificant short term umpact on the immediate environment due to the
large excavation and material transportation requirements Excavating the contaminant source
area will adversely impact the site flora fauna and subsurface biota Mitigation measures will

be used to mimimize the impact

Duning implementation of Alternative 5 there may be a risk to the public due to potentially
contamnated dust generated during the excavation transportation and storage of large quantities
of surficial and subsurface soll Management of the soil will comply with 40 CFR Part 122 26
Part 264 and DOE orders Stormwater controls would be employed to reduce runoff at the site
Methods such as creating a three sided building with a roof or other cover for storage areas to
mimize fugitive dust will assist iIn miimizing exposure risks There may be potential risks
to workers from exposure to contaminants in groundwater, soil or fugitive dust Workers may
also encounter safety hazards associated with operating excavation/backfill equipment and the
thermal desorption umit Rusks to workers will be mimimized through standard health and safety

practices

Although surface soils are being admimstratively addressed under OU 2 radionuchdes are a
short term effectiveness concern under this alternative due to the potential for exposure to both
on site and off site receptors from fugitive dust Excavation activities would increase the
resuspension of radionuchdes 1n surface soils thereby increasing off site exposure pomnt source

terms as well as the flux of contaminants to Woman Creek
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Groundwater modeling for Alternative 5 indicates that the peak concentrations at Woman Creek
are below the PRGs at OU 1 for all of the contaminants except TCE The actual peak
concentrations should be less than the modeled concentrations because the model assumed that
the French Drain will be decommissioned when the alternative 1s implemented Therefore
ecological receptors at Woman Creek should not be affected by OU 1 groundwater contaminants
under this alternative Woman Creek 1s an intermittent stream which may have a greater effect
on ecological receptors because of a lack of water than the peak contaminant concentrations

43 6 6 Implementability

Alternative 5 will not limit the use of future remedial actions at the site if they are deemed
necessary In addition thermal desorption 1s a proven soil remediation technology that should
not mnvolve admmmstrative difficulties Alternative 5 should not be imited by the availability of
services and materials There may be sigmficant techmcal or admimstrative difficulties if
Preble s meadow jumping mouse 1s designated a Federally protected Threatened/Endangered
species Such a designation would require consultation under Section 7 of the Endangered
Species Act Protection of human health and the environment should begin shortly after the

excavation 1s complete

It 1s anticipated that 3 months will be required to mobilize and demobilize the thermal desorption
umt Standard equipment will be used for excavating the contaminated soil at IHSS 1191 A
large storage area may be required for stockpiling and treating the excavated soil but 1t 1s
expected that sufficient space will be available adjacent to the excavation area The Treated so1l
may be delisted as a hazardous waste to allow onsite disposiion However the process of
delisting could require two years In addition for offsite disposal the number of TSD facihities
that will accept the subsurface soil may be hmited if 1t contains radioactive material

Air monitoring will be required during the operation of the thermal desorption umit and
racdiological momtoring will be conducted throughout the remediation  Groundwater monitoring
will be conducted for 13 years after remediation 1s complete to achieve the groundwater PRGs
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4367 Cost

Costs for Alternative 5 include the following items

Construction of a staging area

Use of conventional so1l excavation and backfill equipment

Four new groundwater monitoring wells

Operation and mobilization/demobilization of a thermal desorption unit
Disposal of nonradioactive treated soil at a permitted TSD facility
Operation of the building 891 treatment system

Groundwater monitoring

The total capital cost for Alternative 5 1s $9 034 500 The total O&M cost 1s $3,113 000
including operation of the Building 891 treatment system for 10 years following the completion
of excavation The total post-closure cost 1s $1 122 100 including groundwater momtoring for
13 years following completion of remediation The total cost of this alternative 1s $13,269,600
A detailed cost estimate 1s included in Appendix A

4 4 Comparative Analysis of Alternatives

This section presents the comparative analysis of alternatives in relation to the specific
RCRA/CERCLA evaluation criteria The results of the detailed analysis of alternatives 1s
summarized in Table 4 2 This information 1s used to compare alternatives in the following

subsections

4 4 1 Qverall Protection of Human Health and the Environment

The overall protection of human health and the environment 1s highest with Alternative 1
because of 1ts low overall nsk to human health and the environment while providing irreversible
groundwater extraction and treatment Alternative 1 should result in no significant change in
protection of human health and the environment Alternatives 2 3 and 4 currently offer the

same verifiable protection as Alternative 1 because the locations of DNAPL sources are
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unknown Alternative 5 provides irreversible treatment and the largest reduction in exposure
potential within the shortest tme However 1t also has the greatest adverse effects to the

environment and workers

Alternatives 2 3, 4 and 5 reduce the exposure potential by remediating the source of
contamination  Alternative 1 reduces the exposure potential by contaimng the source of
contamination and hmiting access to the site  Attaining groundwater cleanup standards a RCRA
CAP criteria 15 also met by Alternatives 1 through 5 Alternative O neither meets this criteria
nor reduces the exposure potential at the site

Alternative 1 provides the least overall environmental effects of the alternatives because 1t
maintains the current operations at the site and provides containment of the source Alternatives
2 and 3 do not substantially affect the environment but the permanence of SVE depends on
knowing the locations of the DNAPL sources which are not well defined at OU 1 Alternatives
3 and 4 affect the environment more than Alternative 2 because of the RF heating units and the
mechanical mixer respectively Alternative 5 provides the greatest short term disruption of the
environment and the most permanent solution Alternative O offers the least permanent solution

and greatest long term concem to the environment

The calculated noncarcinogenic hazards do not indicate a potential for adverse human health
effects The carcinogenic risks were below the acceptable risk range of 10* to 10 for the
alternatives except for Alternative 0 Alternative 0 had a carcinogenic nisk of 1 2E-05 for an
onsite resident  Other nisks to the public are mimmal with the exception of potential fugitive
dust created under Alternative 5 by the excavation transportation and storage of potentially
contaminated soil

The overall risks to workers at the site include potential exposure to contaminants through
groundwater extraction for Altematives 1 2 3 4 and 5 Workers may be exposed to
contaminant vapors for Alternatives 2 3 4 and 5 However calculated carcinogenic and

noncarcinogenic effects for workers were below the acceptable nisk range for all of these
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alternatives  Alternatives 3 4 and 5 may expose workers to safety hazards from operating
equipment associated with the alternatives In addition Alternative 4 may present safety hazards
from potential destabilization of the soil and Alternative 5 may present hazards associated with
fugitive dust

Alternative 1 18 currently meeting the RAOs for the site Remediation should take less than 2
years for Alternatives 4 and 5  Alternative 3 should remediate the site within 3 years while
Alternative 2 15 estimated to be 5 years The remediation time for Alternative 0 1s difficult to
predict but 1t 1s assumed that groundwater momtoring will continue for 30 years

442 Compla

Alternatives 1 5 would comply with the majority of chemical specific, action specific and
location specific ARARs The possible exception 1s the peak concentration of one contaminant
TCE which could possibly be above the chemical specific ARAR the Colorado Basic Standards
for Groundwater  The duration and concentration of the peak 1s dependent on the alternative
and location of the downgradient measured point These observations are based on a review
of modehing results It 1s also possible that the predicted peak concentrations are over estimated
and that Alternatives 1 5 or some of these alternatives would not exceed the state groundwater
standards Alternative 0 1s predicted and in all hkehhood would not meet the state
groundwater standards

Groundwater modeling results have been used to assist in determining ARAR comphiance The
two locations used 1n the simulations of contaminant concentrations are the downgradient side
of the french dramn and the alluvium at Woman Creek Assumptions of the model include
availability of a contamination source even for remediation alternatives through the period
1969 2029 In addition the solubility of TCE 1n water 1s relatively high in comparison to the
other chemicals used 1in the model Other modeled steady state flow factors are discussed 1n
Appendix B

OU 1 CMS/FS Report
881 Hillside Area
February 1995 474




The differences in predicted peak concentrations among the alternatives are summarized as
follows Alternative 0 peak concentrations of orgamics do not comply with the state
groundwater standards at the french drain and peak concentrations of the organics except for
TCE might comply with the state groundwater standards at the Woman Creek location after a
peniod of thirty or more years Alternative 1  peak concentrations of organics would probably
comply with the state groundwater standards except for TCE sometime after 2010 at the
French Drain location and peak concentrations of orgamcs (including TCE) would probably
comply with the state groundwater standards at approximately year 2010 at the Woman Creek
locaion  Alternatives 2 5 peak concentrations of organmics would comply with the state
groundwater standards with the possible exception of TCE, ten years after remediation 1s
completed at the French Drain  Peak concentrations of organics would comply with the state
groundwater standards within ten years and probably sooner of completed remediation at the

‘Woman Creek location

Comphance with the action specific ARARs are shghtly different among the alternatives
Although all the alternatives would be required to comply with the RCRA corrective action and
groundwater protection standard the period of time required to complete corrective action
would vary among the alternatives In addition CDPHE 1s required to determine that the
selected comphance pomnt and altermative would be protective of human health and the

environment This determination could vary from Alternative 1 to Alternatives 2 5

The proposed groundwater performance monitoring system would be mmtiated for thirty years
1 accordance with the RCRA post closure requirements However once the monitoring system
imndicates no exceedances of groundwater standards for 3 consecutive years the period of
complhiance monitoring may be reduced with the approval of CDPHE  Although the period of
monitoring 1S dependent on the selected point to demonstrate comphance 1t can be stated that
the complhiance period would be long for Alternative 0 as compared to Alternative 1 and that the
compliance period for Alternative 1 would be relatively long compared to Alternatives 2 5 The
monitoring differences would correlate to the differences in time to achieve the State

groundwater standards 1e Alternative 0 may require 30 or more years of momitoring
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Alternative 1 may require 16 years of monitoring and Alternatives 2 5 may require 10 years

or less of monitoring

The other major difference among the alternatives in complying with the action specific ARARs

1s the air pollution controls required on the vapor extraction systems Alternatives 2-4 would
require comphance with the hazardous organic emission controls under RCRA regulations as
well as the State s air pollution control Regulation 7 Alternatives 0 and 1 would not require

such compliance as these alternatives do not involve organic compound air emissions

Comphiance with location specific ARARS 1s one of the major differences among the treatment
technology alternatives The alternative that would require the most mitigation measures in
order to comply with the State law on non game species and DOE s regulation on wetlands
protection 1s Alternative 5 This alternative would require placement of a pipeline from IHSS
119 1 to the French Drain Alternatives 2 3 and 4 are not anticipated to disrupt wetland areas
with the treatment technologies proposed however if some areas are disturbed in the
implementation of the technology then comphiance with the law and regulations to protect
wetland and non game species would be required Al alternatives 1ncluding No Action could
disturb a small area of wetlands for a very short time (two to three days) during
decommuissioning of the French Drain Mitigation measures would be implemented to mimimize

the disturbance and comply with the wetland and species protection requirements

If the Preble s meadow jumping mouse becomes Federally protected as a Threatened/Endangered
species then the comphance requirement for Alternative 5 could be much more elaborate
Consultation with U S Fish and Wildlife Service would be required and a biological assessment

mught need to be prepared

4 4 3 Long term Effectiveness and Permanence

Alternative 5 offers the most permanent protection of human health and the environment because

the pnimary contaminant source 1s physically removed and treated Alternatives2 3 and 4 offer
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some protection because the source 1s remediated to the extent possible by the technologies The
degree of permanence depends on the extent that the wells are located next to a DNAPL source
If the wells miss the DNAPL sources the extraction rate 1s dependent on the passive partitioning
capability of the contammants Alternatives 3 and 4 may be more protective than Alternative
2 because they increase volatilization and provide more reduction in the contaminant
concentrations Alternative 1 offers the same protection of human health and the environment
as the current conditions because 1t does not sigmficantly change the current procedures at the
site  Alternative O offers less protection than 1s currently available at the site because it
decommissions the French Drain which 1s removing contaminated groundwater In addition it

does not contain remediate or remove the primary source of contamination

Five year reviews will be conducted for all of the alternatives until contaminant concentrations
are consistently below the PRGs and the agencies agree that the site 1s not a cause for concern
In addition all of the alternatives require groundwater momtoring to evaluate the site conditions

Carcinogemc risks and noncarcinogenic hazards are below the acceptable imits for all of the
alternatives with the exception of Alternative 0 It indicates a carcinogemc nisk for an on site
resident of 1 2x107 at the French Drain which 1s within the acceptable range of 10 to 10° The

carcinogenic risk 1s 3 3x10® at Woman Creek under this alternative

Alternative 5 provides the best long term effectiveness and permanence of the alternatives
because 1t removes and treats the contamination Alternatives 4 3 and 2 provide similar
permanence and effectiveness they differ by increasing volatilization capabilittes However the
effectiveness of SVE 1s dependent on locating the wells near the DNAPL sources and the source
locations are currently 11l defined Alternative 1 provides some permanence and effectiveness
for the site because 1t removes and treats groundwater Alternative 0 provides no permanence

nor long term effectiveness except through natural degradation
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444 Red n of T 1 1 h T n

Alternatives 2 3 4 and 5 actively remediate the primary source of contamination thereby
satisfying the NCP preference for treatment as a principal element of the alternative
Alternatives 2, 3 and 4 use SVE or a vanation of 1t while Alternative 5 uses excavation and
thermal desorption  Alternative 1 does not actively remediate the primary source of
contamination however 1t controls 1t by containing and extracting the contaminated groundwater
Extracted groundwater 1s then treated in the Building 891 water treatment system Alternative
0 does not remediate nor control the primary source of contamination It relies on natural
degradation to restore the site

Alternative 5 provides a greater reduction of TMV than Alternatives 2 3 or 4 because 1t
removes as well as remediates the primary source of contamination Alternative 5 provides ex
situ treatment and disposal of the subsurface soil whereas Alternatives 2 3 and 4 provide 1n situ
treatment of the subsurface soil  Groundwater 1s removed treated and disposed of for
Alternatives 1 2 3 4 and 5

Alternatives 2 3 and 4 vary according to the enhancement used with SVE Alternative 2 uses
normal SVE Alternative 3 uses thermally enhanced SVE and Alternative 4 provides thermally
enhanced SVE with a mixing action to provide greater soil permeability Because Alternative
4 1ncreases the soil permeability through homogenous mixing 1t creates a more hospitable
environment for contamnant volatihzation than Alternatives 2 or3 Similarly Alternative 3 wall
provide more reduction 1n volume and mobility than Alternative 2 because 1t provides a better
environment for contaminant volatihization

An 1rreversible reduction 1n contaminant toxicity 1s provided by Alternatives 2 3 and 4 through
the use of an off gas treatment system such as a GAC umt for treatment of contaminated soil
vapors Thermal desorption provides a similar reduction in contaminant soil toxicity for
Alternative 5  Alternatives 1 through 5 will equally and irreversibly reduce contaminant
groundwater toxicity by using the UV/H,0, and 10on exchange processes in Building 891
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Alternative 0 reduces contaminant toxicity through natural degradation

Wastes generated for Alternatives 2 3 4 and 5 are similar They include spent GAC and
regenerant solution from 10n exchange resins in the Building 891 water treatment system drill
cuttings and decontamination water from well installation and hiquid from the SVE hquid/vapor
separator Alternatives 2, 3 and 4 will have additional quantities of spent GAC because of the
off gas treatment system for the extracted soil vapors Treated soil 1s an additional waste that
will have to be managed and disposed of for Alternative 5 Alternative 1 produces wastes
associated with the UV/H,0, and 10n-exchange processes i building 891 and installation of
wells  Alternative O produces wastes associated only with well installation

Alternative 5 1s ranked first for reduction 1n toxicity mobility and volume of the contaminants

Alternatives 4 3 and 2 are ranked second third and fourth respectively because of their
capabilities for extracting contaminated vapors from the soil matrix at IHSS 119 1 Alternative
1 1s ranked fifth because 1t controls the primary source of contamination but does not reduce
contaminant so1l toxiCity mobility and volume It also has a higher possibility than Alternatives
2 3 and 4 of reverting to the current condition once the remediation 1s considered complete

Alternative 0 1s ranked last because 1t neither remediates nor controls contamination at OU 1

4 4 5 Short term Effectiveness

An 1ncrease 1n the protection of human health and the environment 1s achieved shortly after
implementing Alternatives 2, 3 4 and 5 Alternative 1 provides the same protection of human
health and the environment that 1s currently available at the site Alternative 0 decreases the
current protection of human health and the environment because 1t will decommission the

French Drain and allow potentially contaminated groundwater to mugrate from the site

All of the alternatives will affect the environment when the French Drain 1s decommissioned
The short term effect may be a loss of wetland acreage but the expected long term effect 1s a

net gain 1in wetland acreage Adverse short term effects to the environment are greatest with

OU 1 CMS/FS Report
881 Hullside Area
February 1995 4-79




Alternative 5 because of the soil excavation and transportation It may adversely affect flora
fauna and biota at the excavation and along the transportation route depending on the mitigation
measures used to mmmize fugitive dust Alternative 4 may adversely affect the environment
because of the soill mixing However 1t should not affect the environment beyond the immediate
treatment area unless 1t interrupts a major hydrogeological channel or major soil destabilization
occurs Alternative 3 may adversely affect the environment because of the high temperatures
that are reached by the RF heating Depending on the mitigation measures used the flora and
fauna of the area could be affected by a change in soil horizon or biota Alternative 2 may
affect the 1mmediate environment with minor disturbances to the subsurface soil and some
vegetative loss during the installation of the SVE system and monitoring wells Depending on
the types of institutional controls that are selected Alternative 1 may have the same minimal
effects to the environment as Alternative 0  Alternative 0 1s expected to affect the environment
through the French Drain decommussion and monitoring well installation  Ecological receptors
at Woman Creck should not be significantly affected by the alternatives except for Alternative
5

Groundwater modeling indicates that the contaminant concentrations at ponts directly upgradient
of Woman Creek meet the surface water standards with the possible exception of TCE The
actual concentrations for Alternatives 1 through 5 should be less than the modeled concentrations
because the model assumed that the French Drain would be immediately decommussioned rather
than 10 years after remediation as suggested within the alternatives

Alternative 5 will affect human health by creating fugitive dust from the excavation
transportation and storage of subsurface soill Mitigation measures will be used to mimmize the
dust Short term effects on human health are mimmal for Alternatives 1 2 3 and 4 There
should be no additional short term effects on human health for Alternative 0

Alternatives 2 3 4 and 5 may affect workers through exposure to contaminants in
groundwater soil vapor and operation of the remediation and well installation equipment
Alternative 5 will also affect workers by creating fugitive dust during excavation transportation
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and storage of contaminated so1l Alternative 4 may create an additional hazard for workers by
decreasing the stability of the soil matrix Alternative 1 has the potential to affect workers only
through exposure to contaminants in groundwater Because there 1s no source control or
remediation for Alternative 0 there should be no additional risks to workers

The short term nisks are expected to be greatest for Alternatives 5 4 and 3  Alternative 2
should have mimimal risks and Alternative O and 1 should have no additional risks

4 4 6 Implementability

None of the alternatives should limit future remediation if it 1s deemed necessary by the
regulatory agencies In addition Alternatives 0 4 are not expected to have administrative
difficulties before the alternatives can be implemented at the site  Alternative 5 may require
additional lead time for agency approvals 1n either a RCRA delisting process or Endangered

Species Act consultation process

Groundwater monitoring 1s required for all of the alternatives as long as the contaminant
concentrations are above the PRGs and the agencies believe there 1s a cause for concern at the
site  Vapor momtoring will be conducted for Alternatives 2 3 and 4 to optimize the SVE
system and determine replacement rates for the GAC units Vapor and radiological momtoring
will be conducted for Alternative 5 to indicate health risks to workers

There may be technical problems with Alternatives 2 3 and 4 For SVE and groundwater
extraction to be effective the wells should be located near or in the DNAPL source Otherwise

the technology 1s dependent on the passive partitioning capability and rate of the compound In
addition the mechamical mixer in Alternative 4 homogemzes the soil which can decrease the
cohesiveness of the soil The decreased cohesion may result in instabihity slumping, and
decreased traction for getting to the site and installing groundwater momitoring and extraction
wells Alternative 4 may also require special training to operate the mixing equipment because
of the proprietary technology Alternative 3 may require special traiming from the vendor on
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operation of the RF antennae before 1t can be implemented

Alternatives 0 and 1 can be implemented immediately while the remaining alternatives may
require 6 months before they can begin treatment of the primary contaminant source Alternative
3 1s available through specialized vendors and Alternative 4 1s a proprietary treatment the lead
time necessary before treatment can begin for these alternatives may be longer than the oniginal
estimation

Because of the lack of lead time necessary for implementation Alternatives 0 and 1 are expected
to be the easiest to implement of the alternatives Alternative 0 can be implemented immedately
once 1t 15 approved however 1t 1s not expected to be easily approved because of the nature of
the site Alternatives 2 and 5 should be easily implemented but may require a six month lead
time Alternatives 3 and 4 may require specialized training and additional lead time to procure
the equipment from vendors Alternative 5 could require substantial time to implement because
of two facts 1) If the Preble s meadow jumping mouse becomes Federally protected the
consultation process under the Endangered Species Act will be required The process could
require a biological assessment 1n addition to mitigation measures 2) Soils which are treated
could be delisted under RCRA for onsite disposal The dehisting process could require two years

for agency review and approval

447 Cost

The total costs for the alternatives are hsted n Figure 4 1 Alternative 5 has the largest cost
primarily because of the large volume of soil that would require excavation treatment, and
disposal The costs for Alternatives 1 and 3 are comparable Alternative 2 s cost was less than
Alternatives 5 1 and 3 Alternative 4 has higher capital costs but due to the higher O&M cost
of SVE Alternative 2 has a higher total cost than Alternative 4 Alternative 0 was the least
expensive because 1t mvolved only the installation of momtoring wells and the associated

monitoring activities

OU 1 CMS/FS Report
881 Hillside Area
February 1995 4 82




B Post Closure

B O&M
@ Capital
Cost Element Alt O Alt 1 Alt 2 Alt 3 Alt 4 Alt 5
Capatal $63 800 $63 800 $925 600 | $1 843 600 | $1 781 400 | $9 034 500
o&M $0| $5761200 | $5287700 | $4 798200 | $3 113 000 | $3 113 000
Post Closure $1 740 400 | $1 740 400 $833 300 $918 700 | $1 120 700 | $1,122 100
Total Cost $1 804 200 | $7,565 400 | $7 046 600 | $7 560 500 | $6 015 100 | $13 269 600

Note Costs represent 1995 dollars at 5% discount rate

Figure 4-1 Summary of Remedial Action Alternative Costs
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B10 INTRODUCTION

Appendix B presents the results of a subsurface solute transport model of the OU 1 site The
purpose of the model 1s to provide a basis for residual nisk calculations and design calculations
for the feasibiity study In ths appendix the following topics are discussed the
hydrogeological conceptual model of the site the framework of the corresponding numerical
model the results and predictions of the model and a qualitative discussion of model
uncertainty Tables and figures are included 1n the back of this appendix after the references
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B2 0 HYDROGEOLOGICAL CONCEPTUAL MODEL

The OU 1 conceptual model describes the primary processes that control the movement of
solutes 1n the subsurface Such processes include groundwater flow rates and directions solute
release rates and timing recharge and discharge rates dispersion degradation rates and
adsorption

The groundwater flow system beneath the hillside at OU 1 1s described 1n detail 1n the Phase IIT
RFI/RI (DOE 1994) The followmg description 1s hmited to features at IHSS 119 1 that are
mcorporated into the flow and transport model of the site IHSS 119 1 1s where most of the

observed contamination at the site 1s located

Groundwater flow beneath the hillside occurs 1n shallow colluvial alluvial and bedrock units
with most of the flow concentrated 1n the colluvium and alluvium (DOE 1994) Groundwater
flow tends to be focussed 1n areas of thick colluvium which generally correspond to topographic
features The thick colluvium 1s probably produced by deep bedrock weathering 1n the area
The weathering 15 assumed to be caused by oxygenated water infiltrating the bedrock located
beneath streambeds

Site data from Volume IV Appendix A of the Phase IIl RFI/RI (DOE 1994) supports the theory
that thick colluvium 1s found beneath streambeds The vertical section of the French Drain from
Station 16+00 to 16+50 shows a thick band of colluvium beneath the drainage and the shear
plane as conforming with the bedrock channel Ths shear plane may correspond to the depth
of bedrock weathering Therefore there may be a relationship between the depth of weathering
and soul volume affected by slope nstability

One hydrologic drainage that extends upslope mnto IHSS 119 1 1llustrated i Figures 3 23 and
3 24 of the Phase Il RFI/RI (DOE 1994) 1s where most of the groundwater in the vicimty of
THSS 119 1 flows Site data indicate that 1t has a thick band of colluviam Therefore it 1s
assumed that groundwater 1s generally channelized along hydrologic drainages
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Recharge and discharge vary in the short term at the site primanly because of the low
groundwater volume and its large dependence on ramnfall events and infiltration However an
average rate of recharge or discharge can be calculated from infiltration equations and long term
precipitation averages from site data or records from the National Oceamic and Atmospheric
Admimstration No site specific calculations or field measurements of recharge or discharge are
available

Recharge to groundwater 1s assumed to occur from interflow and bedrock flow from the Rocky
Flats alluvium and is significantly affected by the low permeability of the colluvium and
alluvium at the site Recharge 1s decreased during arid conditions and high rainfall events
because of the lowered infiltraton capacity and permeabiity of the soil  Simlarly 1t 1s
mcreased during spring and fall when the so1l has a greater infiltration capacity

Groundwater discharge 1s assumed to occur due to the low permeability and moisture content
of the soil and the low flow conditions caused by the arid chmate at the site It occurs as
evapotranspiration and flow mnto Woman Creek (Fedors et al 1993a and 1993b) Flow into
Woman Creek 1s indicated by calculated hydraulic gradients of the site and the theory that the
groundwater follows topographic features

The primary source of contamination 1s assumed to be located 1n the subsurface soil at IHSS
119 1 During the 1960s and 1970s drums containng volatile organic compounds (VOCs) were
stored at THSS 119 1 (DOE 1994) Probable releases from the drums may have resulted mn a
residual DNAPL 1n the subsurface soil The residual DNAPL phase has not been directly
observed but 1s indicated by high concentrations of VOCs 1n the areas near Well 0487 Well
4387 Well 4787 and Well 5587 The drums are assumed to have started leaking their contents
mnto the soil 1n 1970 although 1t 1s not specifically known at this ttme The primary groundwater
release mechanism 1s assumed to be dissolution of residual DNAPL assisted by infiltration

The transport of contaminants in groundwater 1S controlled by groundwater direction and
flowrate  Other processes that affect contaminant fate and transport are hydrodynamic
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. dispersion degradation and adsorption = Hydrodynamic dispersion 1s simulated using
dispersivity groundwater velocity and molecular diffusion Degradation rates and sorption
properties for VOCs are discussed and reported the Phase III RFI/RI (DOE 1994)
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B30 MODEL FRAMEWORK

The computer simulation code TARGET 2DU (Dames & Moore 1985) was used to simulate
contaminant transport in the subsurface @ TARGET 2DU 1s a vertically orniented two
dimensional fimte difference model that can simulate variably saturated conditions For the
purposes of this CMS/FS TARGET _2DU was modified to simulate a source with a constant

concentration

Because the model 1s two dimensional it cannot simulate dispersion (spreading) transverse
(perpendicular) to the model section Therefore the modeled dispersion in the plane of the
model will be greater than the actual dispersion Consequently the model 1s conservative and
will overestimate dispersion because 1t does not account for spreading of contaminants in
transverse to the model plane

The model grid as shown 1n Figure B 1 1s 296 horizontal cells by 170 vertical cells It has
approximately 25 000 active cells The gnd was designed to capture details of the
bedrock/colluvium nterface and topography to accurately simulate the vadose zone and to
minimize errors caused by numernical dispersion The location of the section of the model 1s
shown 1n Figures B 2 and B 3 and corresponds to the trough of thicker colluvium at THSS
119 1

Two critenia are used to ensure mmmmal numerical dispersion the Peclet number and the
Courant number The gnd Peclet number 1s the ratio of gnd spacing (length of a cell side) to
dispersivity  To mimimize numerical dispersion the Peclet number generally should be less than
or equal to one For this model dispersivity 1s much larger than cell lengths so the Peclet
number 1s much smaller than one The grid Courant number 1s the ratio of time step interval
to groundwater travel time across a cell Similar to the Peclet number the Courant number
generally should be less than or equal to one Because of low gradients and hydraulic
conductivities and moderate sorption the Courant number for this model 1s much smaller than

one
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The distribution of boundary conditions and soil types are shown in Figures B-4 and BS Soil
properties degradation rates, and adsorption distribution coefficients for the COCs are hsted 1n
Tables B 1a and B 1b The degradation rates used in the model were the maximum values listed
in the Phase IIT RFI/RI (DOE 1994) and they reflect the slowest anticipated degradation rates
at the site

Figures B 7 through B 12 show the relationship between relative saturation relative hydraulic
conductivity and pressure head as specified in the model Calculated relative hydrauhc
conductivity refers to values calculated by Fedors et al (1993b) using Van Genuchten s equations
relating pressure head relative saturation and relative hydraulic conductivity (Van Genuchten
1980) The curve for colluvium 1s based on site data (Fedors et al 1993b) as indicated 1n the
figure The curves for bedrock and alluvium i the Woman Creek drainage are based on
material #1 and matenial #2 respectively 1n Table 3 1 of Fedors et al 1993a

Each so1l type 1s assumed to be homogeneous within the type and heterogenous between types

Therefore heterogenerty 1n the model 1s imited to the colluvium, alluvium, and bedrock layers

These hthologies have been identified and defined during the site characterization activities

Fractures in the colluvium resulting from slope instability are assumed to be healed, so that
fractures do not provide preferential flowpaths It 1s assumed that most mnstabilities do not occur
unless immtiated by buman activities and that if active slumping probably occurs at an
imperceptibly slow rate If these observations are correct then discontinuities (fractures) caused
by mass movements would heal quickly 1n the easily deformed colluvium Thus 1s supported by
the lack of distinct features typically associated with slumpmg 1e discontinutties such as
tension cracks at the upslope end of a slump The lack of such features 1s assumed to be due

to the slow rate of movement and to the characteristic deformability of colluvium

For the French Drain a constant head cell of 5876 2 ft (1791 1 m) was set at the bottom of the
drain to simulate flow to the drain as shown in Figure B5 The extraction well was simulated
1n the same manner but with an elevation of 5910 2 ft (1801 4 m) These elevations were set
shightly above the interface between bedrock and colluvium material based on the assumption

OU 1 CMS/FS Report
881 Hillside Area
February 1995 B6



that the French Dramn and extraction well could not draw groundwater down to the interface
If this happened the saturated thickness would approach zero and the flow would decrease to
zero Simulations using the French Drain and extraction well are discussed 1n detail 1n following

sections

The bottom of the model was selected to be somewhat lower than the elevation of Woman Creek
which 1s considered to be the ultimate discharge point for groundwater at the site The French
Drain 1s currently the assumed groundwater discharge point but was not included 1n the model
to decrease the complexity of the site Because flow rates 1 the bedrock are much lower than
those 1n the colluvium the model 1s not very sensttive to the location of the colluvium bedrock

boundary

The primary contaminant source was simulated using a constant concentration boundary
condition based on the assumption that a slow dissolution of residual DNAPL 1s the source of
groundwater contammation The source cell shown 1n Figure B 5 1s located at the interface
between bedrock and colluvium material in the model where elevated concentrations of
contamiants in groundwater have been observed Because the soil are fine gramned and have
low permeability the likelihood 1s small that there 1s a large continuous and mobile DNAPL
present In support of ths conclusion the following hypothetical cases are considered

. Hypothetical Case 1 Large spill of DNAPL caused observed contamination Spill
would spread over a large area because of the low permeability soil DNAPL. would
penetrate only shallow soil due to spreading and reduced DNAPL source hydraulic
head Large dissolved concentrations would be observed over a wide area relative to
the spill location

o Hypothetical Case 2 Small episodic spills of DNAPL caused the observed
contamination DNAPL would penetrate further into low permeability soil than Case
1 However penetration would be limited due to the source s low hydraulic head
DNAPL would rapadly achmeve residual saturation as source head 1s dissipated Large
dissolved concentrations would be observed over a small area relative to the spill
location

The descriptions 1n the hypothetical cases above are based on information presented by Cherry
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et al 1990 Case 2 1s consistent with the large VOC concentrations observed in a hmited area
at THSS 1191 It 1s also consistent with how the site was used historically 1e as a drum
storage area rather than for activities 1n which solvents were actively used and spilled at the site
Based on consideration of these two cases and on the measured concentrations at the hillside
the most reasonable situation 1s that the source in the subsurface 1s an immobile residual
DNAPL

Because soil instabilities have been documented at the OU 1 area (DOE 1994) the colluvium
and bedrock involved in the movements 1s potentially fractured To flow mnto a fracture or pore
DNAPL must overcome the displacement pressure required to displace water (Cherry et al 1990)
which 1s the wetting phase at the site Therefore DNAPLs would be less susceptible to flow
1n fractures where water 1s present In addition as the fracture aperture decreases, more DNAPL
head 1s required for flow to occur into the fracture The same principles apply to fine grained
soil as well DNAPL if present at the site would be found 1n larger fractures and more coarse
grained so1l (Cherry et al 1990)

For significant DNAPL movement into fractures the fractures must be mnterconnected or mn
direct connection with a large volume of DNAPL Fractures in claystone and siltstone are
typically of small extent few mn number and poorly connected Therefore 1t 1s not hikely that
sigmficant DNAPL movement into fractured bedrock has occurred at IHSS 119 1

Figure 5 10 of the Phase Il RFI/RI (DOE 1994) shows the probable situation at OU 1 with
regard to DNAPL with the exception of (1) a pool of DNAPL in the colluvium and (2)
movement 1nto bedrock fractures The first exception based on Case 2, 1s that the spill must
have been small and episodic which would not have resulted 1n a large mobile saturated pool
The second exception based on the previous discussion regarding DNAPL flow into fractures
and pores 1s that the DNAPL volume would have to be large to cause such a movement
otherwise the driving DNAPL head would not have overcome the displacement pressure In

addition the fractures would have to have been well mterconnected
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Based 1n part on the oscillatory behavior of observed concentrations 1n wells at the site the
source 1s assumed to release solutes on a periodic basis 1 e release occurs at the solubility limat
for a DNAPL for six months of a year and does not occur the remaining six months Therefore
the source switches between an active and an mactive state Thas concept 1s also consistent with
the probable configuration of the residual DNAPL Much of the DNAPL may be above the
saturated zone during dry conditions so that dissolution will not occur and there 1s no migration
to groundwater As wetter conditions prevail however, dissolution of the residual DNAPL
would occur as 1t contacts groundwater
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B4 0 CALIBRATION

The model was calibrated using steady state flow for the time prior to the mstallation of the
French Drain and transient flow from the time of the French Drain nstallation to the present
The flow calibration 1s assumed to be conservative because the model always assumes flow
occurs whereas there are many areas and tumes of either no flow or low flow due to the and
chmate (DOE 1994)

The calhibration procedure was qualitative due to a hmited number of wells for comparison This
1s a commonly accepted method of calibration particularly when observation data 1s scarce
statistical measures and automated techniques require a moderate to extensive data set to produce
meamngful and useful results For this study several calibration targets were used to enhance
model rehability such as water levels, calculated gradients and COC concentrations Parameter
values used 1n the model e within measured or probable ranges

The primary goal 1n calibrating the flow portion of the model was to match the observed and
calculated hydraulic gradients between Wells 4387 to 0487, 0487 to 4787 and 4787 to 5587 to
determine 1f the model accurately simulates advective transport rates Tables B 2a through B 2¢
which can be used for comparative purposes hsts observed and simulated gradients for these
well pairs  As indicated 1n the tables between Well 4387 and Well 0487 and between Well
0487 and Well 4787 the simulated hydraulic gradient 1s between the mmmmum and maximum
calculated gradients based on site data Therefore, downgradient of the French Drain and
between the source and Well 4787 the model accurately simulates average advective transport
times Between Well 4787 and Well 5587, the simulated hydraulic gradient 1s smaller than the
mmmum calculated gradient based on site data

Between Well 4787 and Well 5587, the model simulates lower advective transport rates than the
calculated rates that were based on site data However since the model overestimates the water
level in Well 5587 the simulated gradient between Well 5587 and Woman Creek 1s hikely higher
than actual Thus modeled COCs may be transported more rapidly than actual COCs between
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Well 5587 and Woman Creek This would tend to offset the slower transport rate simulated
between Well 4787 and Well 5587

One parameter that was the focus of the calibration 1s the areal discharge rate To achieve
cahibration a net areal discharge of 2 96 in/yr from the water table was used A net recharge
to groundwater yielded a simulated potentiometric surface aboveground which 1s not observed
at the site  The other focus of the flow calibration was determimng the hydrauhic conductivity
of the various soil specified 1n the model The selected values lie within measured or probable

ranges

A secondary goal of the flow calibration was to match sumulated and observed water levels
Figures B-13 through B-16 show simulated and observed hydrographs for Wells 0487 4387
4787 and 5587 respectively Although the model generally overestimates water levels the
overall hydraulic gradients and therefore Darcian transport velocities are comparable to those
observed at the site

The flow mass balance provides a measure of how well the model 1s calibrated Discrepancies
m the mass balance generally should be smaller than 5% especially for groundwater flow,
otherwise errors mn the flow domain may adversely affect subsequent transport simulations As
Hlustrated m Figure B 17 the percent discrepancy between simulated inflows and outflows
ranges from about 17% to 4% Large changes 1n mass error are related to changes n
hydraulic conditions such as the simulation of extraction wells Durnng these changes in
hydraulic conditions different or new stresses will cause temporary and sometimes large changes
in ground water flow Ths typically causes the mass error to change As the flow domain

begins to adjust to the new change the mass error will decrease

Mass error 1s related to model size and complexity In general as models become larger or
more complex the mass error becomes larger Larger models mnvolve more calculations so that
the net error being a sort of sum over the active model cells will tend to have a larger error

For example 1n a model having 10 constant head cells the flows 1n and out of these cells
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depends on the head simulated adjacent to them Thus the flow to or from each constant head
cell can vary and result in some intrinsic mass error in flow caused by the numerical
approximation and implementation of the simulation code Given the same number of closure
criteria  similar models with twice as many constant head cells have generally the same or tugher
error than for a model with fewer constant head cells Ths 1s due to the summation over the
constant head cells However the larger model may converge just as well as the smaller one

even though the error 1s larger

A similar effect 1s commonly observed for models with greater complexity A model with more
variation 1 hydrauhic conductivity for example will typically have greater error given sumlar
closure criteria This 1s caused by the greater complexity in the mterrelationships between
model cells than between boundary conditions Even with a larger error more complex models
may be as well converged as sumple models due to the complex interrelationships between cells

Another commonly observed phenomenon 1s that subdomamns within the model may be very
well converged while other areas are moderately to poorly converged As long as the
moderately to poorly converged parts are not in areas of specific interest then the model
generally can be considered converged adequately for practical purposes This 1s possible
despite the appearance of poor convergence or mass balance

The mmimum acceptable error depends on the model s size and complexity with a larger error
being acceptable for larger or more complex models The OU 1 groundwater flow and transport
model 1s large and somewhat complex Therefore the mass errors depicted in Figures B 17 are
considered acceptable

Convergence of the model with regard to flow rate and direction was good exhibiting monotonic
behavior as indicated 1n Figure B 18 The figure shows the normalized sum of the absolute value
of mass error over all active model cells for all ime steps To normahize the sum each value
was divided by the maximum absolute value of the sum so that all values range between zero

and one For transient flow calculations the sum decreases from an imtially large value for
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each time step showing the monotonic convergence of the model at each time step Thus results
i the sawtooth pattern in Figure B 18 The mmtial flat part of the curve in Figure B 18
corresponds to the first part of the transient transport calculation when steady state flow 1s
specified Transient flow calculations start at about the 400th iteration where there 1s a spike

n the sum

After calibrating the steady state flow transient transport simulations were done for each
contammant The same tnal and error techmque was used 1n cahibrating the transport model

The primary parameter changed during the transport calibration was the time that the source
become active and mactive Simulation of a continuous constant concentration source resulted
1 excessively and unrealistically large concentrations at all observation pomts Priority 1n
calibrating to Well 0487 was selected because it 1s closer than Well 4387 to pomnts of
demonstration which are located immediately downgradient of the French Drain and prior to
discharge mnto Woman Creek  Also simulated concentrations that exceeded observed

concentrations were preferred mn the model to make 1t more conservative

Transport simulations started with the steady state flow field continued for 20 years then
mcorporated the French Drain and extraction well as shown in Figure B 6 Each transport
sumulation was calibrated 1n a manner similar to that used for the flow calibration Figures B 21
through B 30 show breakthrough curves for each of the COCs, with observed concentrations for
comparison Three key components of the transport calibration are shown n these graphs

. COC concentrations are always overpredicted by the model The imphcations of this
are (1) estimated exposure concentrations are conservative because they bound
observed concentrations (2) alternate source locations and conditions (such as a
source located somewhere outside the plane of the model or a source with a different
release mechamism such as diffusion from fractures in bedrock) are indirectly
accounted for by the model a different source 1s unlikely to result in higher predicted
concentrations (3) spreading of a source caused by degradation and subsequent
generation of a COC along a flowpath 1s also accounted for by the model because the
estimated concentrations are much higher than actually observed (4) predictive
simulations overestimate COC concentrations because they are based on the same
concepts as the calibrated model, and (5) if the model was more realistic the
simulated concentrations would be smaller and more consistent with observed data
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which would translate into smaller concentrations under the predictive stmulations

. The model simulates relatively well the osciliatory behavior observed m actual
concentrations This supports the concept that the source periodically releases solutes
and that the timing 1s related to seasonal variations i climatic conditions

. The model accurately predicts the effects of the French Drain and the extraction well
The nise 1n simulated 1 1-DCE and 1 1 1 TCA concentrations 1n Figures B 27 and B
25 respectively that occur around 1992 1s caused by simulating the operation of the
French Dramm which started construction m November 1991 and fimshed in April
1992 The mise 1n concentrations 1S caused by the increased hydraulic gradient
resuling from the mnstallation and operation of the French Dramn which pulls
groundwater more rapidly towards Well 0487 The simulated concentrations begin
decreasing around 1993 when the extraction well started operating The gradients are
reduced when the extraction well 1s simulated because it pulls groundwater away from
Well 0487 The observed concentrations vary in the same manner The similanty
between the model and observed vanations 1n concentrations leads to the conclusion
that the observed varations are caused by the mstallation and operation of the French
Drain and extraction well That the model simulates this behavior underscores the
conclusion that the model 1s an accurate and adequate representation of site conditions
The spiking effect caused by the French Dramn 1s observed 1n all COCs

The last component of the modeling addresses the 1ssue of a mobile DNAPL  Because the
model provides a sumple and plausible explanation for observed spikes in VOC concentrations

and the existing site data do not suggest its presence 1t 1s assumed that one does not exust

As with flow the COC mass balance provides a measure of how well the model 1s converged
Discrepancies 1n the mass balance should be smaller than 10% The percent mass error for
TCE depicted in Figure B 19 1s calculated by using the ratio of the mass error to the total
solute mass 1n storage The change 1n relative error at about 1992 1s caused by stmulating the
French Drain and 1n 1993 by the extraction well Percent error ranges from nearly O to 5 5%

whuch 1s acceptable for the model

The transport convergence 1s moderately good exhibiting monotonic behavior as indicated in
Figure B 20 The plotted sum value 1s calculated the same as the sum value for flow The
spikes at larger iterations correspond to changes 1n boundary conditions 1 ¢ the simulaton of
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‘ . the French Dran and extraction well This behavior mimics the observed behavior for mass
‘ error and 1s caused by the same effects Some oscillatory behavior 1s observed however
because the transport calculations rapidly converge at each time step Ths 1s typical for
transport calculations The oscillatory behavior 1s caused largely by the size and complex nature
of the model
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B 50 RESULTS

Thas section presents a discussion of the results of the calibrated flow and transport model (often
referred to as the baseline calibrated model) From the calibrated steady state flow simulation
llustrated in Fagure B 31 groundwater flow rates and directions can be obtamned Figures B 32
through B 34 show the effects of the French Drain and extraction well on groundwater flow
The French Drain and extraction well both draw down the water table resulting in drawdown
cones that extend upgradient mnto IHSS 1191 As expected, the drawdown cones are
asymmetrical due to the slope of the water table The effect of the French Drain and extraction
well on COC transport was discussed 1n Section B 4 0

A water budget accounts for the flow into and out of the model domain Steady state flow into
the model domain 1s simulated to be about 2 09 ft*/day (0 059 m*/day) mostly from the Rocky
Flats Alluvium Discharge from the model occurs as evapotranspiration and flow to Woman
Creek Evapotranspiration 1s estimated to be 0 59 ft*/day (0 017 m®/day) and flow to Woman
Creek 1s estimated at 1 76 ft*/day per foot of creek bed (0 1635 m/day per m) Observed flow
m Woman Creek 1s highly vaniable (DOE 1994) however the average for May 1990 and
September 1990 1s about 13 ft*/day (0 368 m*/day) with a range of 2 16 ft¥/day (0 061 m*/day)
to 23 76 ft*/day (0 673 m*/day) Because the model represents average long term conditions
and the observations are highly vaniable the modeled flow 1s considered to be comparable to the

observed conditions

Under transtent conditions simulated flow mnto the French Drain 1s about 0 0144 ft*/day (4 078
x 10* m*/day) per foot of drain and flow mto the extraction well 1s about 0 173 ft*/day (4 90
x 10° m*/day) Measured flow into the French Drain represents flow from most of the site

making 1t difficult to compare the model and observed measurements because of the large
amount of flow that originates from the Building 881 footer drain However measured flow
mto the drain 1s about 673 75 ft*/day (19 08 m*/day) Assuming that the distance over which
the model represents groundwater flow as 1 435 ft (437 4 m) then the net simulated flow mto
the dran 1s 206 86 ft’/day (5 86 m®/day) For the extraction well measured flows average
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0 225 ft¥/day (6 37 x 103 m*/day) which are very similar to that simulated by the model

Results of transport simulations for PCE are discussed in detail in the following paragraphs
Results of other COC simulations will not be discussed because the compounds tend to behave
similarly

The modeled PCE plume after 22 (pre French Drain) 23 26 and 28 years 1s shown in Figures
B 35 through B 38 The plume moves downgradient slowly at a rate of about 0 061 ft/day
(0 0186 m/day) and appears to penetrate a small distance mnto the bedrock The majority of
movement 1s 1n the colluvium due to higher groundwater flow rates Some migration in the

vadose zone 1s also simulated corresponding to dispersion 1n soil moisture

After 24 years the French Dran and extraction well have a significant effect on the plume as
shown by Figures B 37 and B 38 and discussed in Section B 4 0 regarding calibration The
extraction well pulls the plume back toward IHSS 119 1, and the French Drain captures the
plume trapped between 1t and the extraction well
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B 6 0 SENSITIVITY

Sensitivity analyses are used to assess the response of a model to changes 1n specific parameters
Parameters that exhibit a large sensitivity or response are those for which small changes result
m widely vanable response Values for sensitive parameters in a calibrated model are generally
considered to be more certain because there 1s only a small range 1n the parameter s values over
which model calibration can be achieved

The method used 1n this study wnvolved changing a parameter value 1n the calibrated flow and
transport model re-executing the model and recording the response The vanation in PCE
concentration at the French Drain demonstration point was used to assess model response The
parameters 1n the sensitivity analysis were selected based on their probable sensitivity The
selected parameters were porosity, decay rates adsorption and hydrauhc conductivity because
each has the potential to directly affect transport rates and simulated concentrations

Other parameters were not selected because they are less likely to affect simulated
concentrations For example the density difference at the source for PCE 1s calculated to be
0015% whach 1s far below the generally accepted criteria of 1% (Mackay et al 1985) used to
assess the importance of density coupled flow and transport The density difference 1s calculated
by assuming that 150 mg/L of a compound meant that the density ratio of the compound to water
was 150 1 000 000 Therefore the density difference 1s 0 015%

Table B 3 lists the changes 1n parameters that were made to assess model sensitivity Figures
B 39 through B-46 1illustrate the results of each simulation and the percent difference in
concentration relative to the baseline calibrated model Each parameter 1s discussed in the
following paragraphs

The results of the sensitivity analysis for adsorption are shown in Figures B 39 and B-40 The
first figure shows the results of the two sensitivity cases and the baseline calibrated results for

companison The second figure shows the percent difference in PCE concentration relative to
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the basehine calibrated model As time progresses the sensitivity with respect to adsorption
decreases In all cases the shapes of the curves exhibit an exponential form, which 1s due to

the inclusion of decay 1n the analyses

Changes 1n adsorption cause a constant shift in a breakthrough curve Such a shift will result
m a bell shaped difference curve and when overprinted with decay the bell shaped curve 1s
also shifted mn the vertical direcion This explams the form of the curves for adsorption
Greater adsorption results mn smaller simulated concentrations Smaller adsorption results in
larger simulated concentrations The sensitivity of adsorption decreases with time as decay
begmwns to have a sigmficant effect on COC concentrations In both cases the concentrations
approach but never equal the baseline concentrations due to the overniding effect of the decay

rates

In the decay sensitivity analysis decay was not simulated so the sensitivity increases with time
as shown 1n Figures B-41 and B-42 If decay had been set to a value smaller than that in the
baseline model the opposite sensitivity would be observed The smallest differences occur for
times less than 10 half lives This 1s because smaller amounts of decay are simulated at shorter
times

The porosity sensitivity as shown in Figures B-43 and B-44 1s similar in form to adsorption

Changes 1n porosity result 1n slower or more rapid transport time and when compounded with
decay the breakthrough curve 1s shifted laterally and vertically Meaningful percent differences
do not start until about 1973, when noticeable breakthrough begins Concentrations at the onset
of the model represent extremely small values of concentration which may be due to numerical
dispersion The actual concentration 1s zero but the modeled results and hence the difference
curve are not zero at the onset This phenomenon affects most of the sensitivity results at the

onset of the model

Changes i hydraulic conductivity affect transport rate and dispersion (Figures B-45 and B-46)
Conceptually two breakthrough curves for the same model with only differing hydraulic
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conductivity should result 1n similar breakthrough curves with varying vertical and horizontal
offsets For the case in which hydraulic conductivity was decreased the response was smaller
because the change 1in conductivity was smaller relative to the baseline calibrated value
Hydraulic conductivity 1s consistently the most sensitive parameter 1 the model

The order of greatest to least sensitivity of the parameters studied 1s

Kxx > > > Decay > Porosity and Adsorption

with hydrauhic conductivity (Kxx) much more sensitive than the other parameters The results
of the sensitivity analysis verify the theoretical analysis of the goverming equations The analysis
indicates that small changes in parameters result in large differences in concentration The
model 1s considered robust because only a small range of values will give appropriate
calibration
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B 70 UNCERTAINTY

This section 1s a qualitative discussion of uncertainties associated with the model In general

uncertainties can be divided into two types The first type results from an incomplete knowledge
of the system or processes A real system can often be too complex or lack the necessary
mformation to be completely understood or modeled without making simphfymng assumptions

Parts of the system or processes may also be omitted because they are thought to be less
important than others The second type of uncertainty relates to the values assigned to input
parameters used to describe the system or processes In reality, input parameters are not single

values but vary over a range of possible values

Table B-4 hsts specific model assumptions or uncertanty factors that could contribute to
vaniations 1 model predicions The second column of the table gives the source of the
uncertainty  Not simulated means a particular transport or transformation process was not
considered 1n the modeling Measurement Error 1indicates that there could be some unknown
or unmeasured variability or heterogeneity in the corresponding property  Not Measured
mdicates that the parameter has not been measured under site specific conditions either in the
field or 1n the laboratory In the third column Incorrect Flows 1ndicates that a different flow
could result by a corresponding change 1n the parameter The fourth column hsts the relative
degree of uncertainty

The combination of parameters used in the model 1s not considered to be umque Other
combinations of the parameters may yield a similar result However the parameter values used
generally Iie within observed and accepted ranges and therefore the model 1s considered

representative of site conditions
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B 8 0 PREDICTIONS

For predictions 1 which the source 1s not remediated the source 1s assumed to be large enough
to provide an infimte supply of groundwater contammnation In such simulations the source
concentration 1s held constant throughout the simulations For predictive simulations in which
the source 1s remediated the concentrations 1n a 200 foot area of colluvium around IHSS 119 1
are set to the appropniate water quahity standard For alternatives 1n which the French Drain and
extraction well are removed the steady state flow conditions used for the first part of the
simulations are re imposed based on the assumption that steady state flow 1s rapidly re

established relative to the total ime of simulation For all other predictions steady state flow
1s assumed to exist at the beginming of the predictive part of the simulation 1e the French
Dramn and extraction well are assumed to create an essentially steady state condition by the time
the predictive simulation starts

Two points of demonstration are used to show the results of the predictive simulations The first
15 located on the downgradient side of the French Drain about halfway between the water table
and the colluvium bedrock interface (see Figure B 38) The second pont 1s located immediately
upgradient of Woman Creek 1n the alluvium

B 81 No Action Scenano

In Alternative 0 the French Drain and extraction well are removed but the source 1s not
remediated Transport simulations beginning from 1996 and continuing through 2028 were done
for each of the COCs Under this scenario the plume continues to grow with time because the
source remamns In place providing a constant release Figures B-47 through B 56 show the
vanation of concentration with time at the French Drain and Woman Creek At the French
Drain the 1nstallation of the drain and extraction well cause a dip 1n concentrations After the
drain and well are removed concentrations begin to recover and increase due to a continuing
source and desorption At Woman Creeck similar results are obtaimned however due to the
longer travel distance and time the features of the curves are more subdued and the small dips
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1n concentration are caused by changes 1n the flow system such as the installation of the French

Drain upgradient (1in groundwater) of Woman Creek

B82 In ntrols With the Fren

Under Alternative 1 the French Drain and extraction well remain i operation No remediation
of the source takes place under this scenario Transport simulations beginning from 1998 and
continuing through 2028 were done for each of the COCs Under this scenario the plume 1s
drawn to and captured by the extraction well and French Drain Figures B 57 through B 66
show the vaniation of concentration with time at the French Drain and Woman Creek At the
French Drain the installation of the drain and extraction well cause a dip in concentrations
With the drain and well in place concentrations peak for COCs with shorter half hives
Desorption provides a decreasing but undecayed source At Woman Creek similar results are
obtained with differences caused by the longer travel distance

B 8 3 Remediation Scenarios

Under Alternatives 2, 3, 4, and 5, the French Drain and extraction well are removed and the
source 1s remediated Transport simulations beginning from 1998 and continuing through 2028
were done for each of the COCs For these simulations a 200 foot strip of colluvium assumed
to be remediated to the appropniate water quahity standard Under this scenario the plume that
remains 1n place after the source 1s removed continues to move downgradient with time Figures
B 67 through B 76 show the vanation of concentration with time at the French Drain and
Woman Creck At the French Drain the installation of the drain and extraction well cause a
dip 1n concentrations The curves exhibit behavior that 1s a combination of the other sets of
alternatives 1 e concentrations that rise briefly after the drain and well are removed but rapidly
decrease due to source remediation At Woman Creek similar results are obtaned with
differences caused by the longer travel distance
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B90 SUMMARY

A groundwater flow and contaminant transport model has been developed and calibrated for OU
1 The model was used to simulate and predict contaminant movement from IHSS 119 1 to the
French Drain and Woman Creek The results of the model are used in characterizing the
residual nisk associated with each of the remediation alternatives

The model 1s considered to be conservative for the following reasons

. The model 1s two dumensional therefore dispersion (spreading) transverse to the plane
of the model 1s not simulated This causes an overesumation of the COC
concentrations

. The flow cahibration 1s conservative because the model always assumes groundwater

flow occurs whereas there are many areas and times of either no flow or low flow due
to the and chmate (DOE 1994)

. Concentrations are generally always overesiumated by the model The imphications
are (1) estimated exposure concentrations are conservative because they bound
observed concentrations (2) alternate source locations and conditions (such as a
source located somewhere outside the plane of the model or a source with a different
release mechanmism such as diffusion) are indirectly accounted for by the model 1 e
a different source 1s unlikely to result in higher predicted concentrations (3) spreading
of a source caused by degradation and subsequent generation of a VOC along a
flowpath 1s also accounted for by the model because the estimated concentrations are
much higher than actually observed (4) predictive simulations overestimate VOC
concentrations because they are based on the same concepts as the calibrated model
and (5) if the model were more realistic the simulated concentrations would be
smaller and more consistent with observed data which translates into smaller
concentrations under the predictive simulations

The model 1s cabibrated to average site conditions for flow and transport with adequate
agreement between the model and observed conditions The model indicates a good mass
balance and exhibits monotonic convergence which 1s indicative of accurate calculations The
model 1s considered adequate for predictive purposes and representative of site conditions for
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the following reasons

° The hydraulic gradients simulated in the model are generally within the range
calculated using site data Therefore advective transport rates are indicative of site
conditions

° The model simulates relatively well the oscillatory behavior observed 1n actual

concentrations Thus supports the concept that the source periodically releases solutes
and that the release 1s hikely related to seasonal varations in chimatic conditions

. The model approximates the effects of the French Dran and the extraction well with
moderate accuracy The nise in simulated DCE and TCA concentrations that occur
around 1992 1s caused by simulating the French Drain The rise 1n concentrations 1s
caused by the increased hydraulic gradient resulting from the nstallation and operation
of the French Drain The drain begins to pull groundwater towards Well 0487 The
simulated concentrations and hydraulic gradient begin decreasing around 1993 when
the model begins simulating the extrachon well The extraction well pulls
groundwater away from Well 0487 The observed concentrations vary 1n the same
manner The similarity between the model and observed vanations 1n concentrations
leads to the conclusion that the observed vanations are caused by the mstallation and
operation of the French Drain and extraction well That the model simulates this
behavior underscores the conclusion that the model 1s an accurate and adequate
representation of site conditions The spiking effect caused by the French Drain 1s
observed 1n all COCs

The last component of the modehing investigated the 1ssue of a mobile DNAPL Because the
model provides a simple and plausible explanation for observed spikes in VOC concentrations
and existing site data do not suggest the presence of a mobile DNAPL 1t 1s assumed that one

does not exist

The order of greatest to least sensitivity of the parameters studied 1s

Kxx > > > Decay > Porosity and Adsorption

with hydraulic conductivity (Kxx) being more sensitive than the other parameters The results
of the sensitivity analysis verify the expectations from a theoretical analysis of the governing
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equations The analysis indicates that small changes 1n parameters result 1n large differences in
concentration The model 1s considered robust because only a small range of values will give
approprate calibration

Three modeling scenarios were simulated representing different alternatives Predicted results
for the No Action Alternative indicate that concentrations at the French Drain and Woman Creek
will increase to peak concentrations within 30 years Predicted results for the Institutional
Controls with the French Drain Alternative indicate that concentrations at the French Drain and
Woman Creek will decrease with time Peak concentrations occur at the time of the alternative s
implementation Predicted results for the remediation alternatives indicate that concentrations
at the French Drain and Woman Creek will increase shightly then decrease with time Peak

concentrations occur within 30 years
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Table B-1a
Media Specafic Hydraulic Parameters Used 1n all Contaminant

Smmulations
Hydraulic Parameter Units Bedrock Colluvium Alluvium
Honzontal hydraulic conductivity ft/d (m/d) 0 06 (018) 045(137) 6 (1 829)
Vertical hydraulic conductivity ft/d (m/d) 0 06 ( 018) 02(061) 3 (914)
Specific storativity 1/ft 1E4 1 SE4 3 5E4
(1/m) (3 3E4) (4 9E-4) (11E3)
Porosity - 035 036 045
Density of clean groundwater mg/L 1 0E+6 1 0E+6 1 0E+6
Bulk density ratio - 181 15 165
Molecular dispersion fiz/d 1E4 1E4 1E4
(m?/d) 9 3E-6) (9 3E-6) (9 3E-6)

Longitudinal dispersivity ft (m) 20 (6 096) 30 (9 144) 40 (12 192)
Transverse dispersivity ft (m) 2 (6096) 10 (3 048) 10 (3 048)
Coefficient for Sr (ps1) 1/ft (1/m) 024 (079 558E 2 (0 18) 3098
Coefficient for Sr (ps1) - 109 122 25
Coefficient for Sr (psi) - -0 826 018 06
Residual mossture content - 025 059 01
Saturated moisture content - 035 0377 045
Coefficient for Kr (ps1) 1/ft (1/m) 083(272) | 00148 ( 0486) 348 (1142)
Coefficient for Kr (ps1) - 041 044 193
Coefficient for Kr (pst) 3 10 3
Mmimum Kr (ps1) 01 01 01
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Table B-1b
. Contaminant-Specific Modeling Parameters

Contamunant Distribution Coefficient Half Lafe Source Concentration
(L/mg) (days) (mg/L)
— e
Tetrachloroethene (PCE) 4 34E 7 7305 150
Trichloroethene (TCE) 3 80E 7 1643 6 1100
1 1 1 Trichloroethane (TCA) 3 99E 7 546 1500
1 1 Dichloroethene (DCE) 3 08E 7 154 5500
Carbon tetrachloride (CCL) 4 50E 7 365 25 757
s = et = = e

OU 1 CMS/FS Report
881 Hillside Area
February 1995 B 29




ocd

S661 Areniqoq

vaIy OpIs|TH 8%
Hodoy S4/SIND 1 NO

W 921) L8b0 TIOM P £8P TToM UsvMIaq QOUBISIP ) AQ POpIATP (WEnwIXEuI PUR WINWIUN  538I0AY) SOJURIUIP [IAS] JOJum WOL PAIEINOMed oI sjuAIpBIH P
S[9AS] JOTeM UT 0URIOYI(]

JOAQ] I3JBAM PSYBINITS JO O], q

J2AQ] 19eM PAAISE]O JO JUOWAINSRIW JO 378(]

[7A4)) LITO pSIUSIPRID WUy
0€1 0 951 0 SIUSTPRID  WinuITYepy
9zl 0 E€1 0 SIpRID  a8vreay
86LL ST Lyt SOURIPI  WnITT
10LE 91 L 61 SooUANPI] WnWIXepy
88 ST 291 SO0UAII(] 93eleay
T10LE 91 LSl 88 006S 1Z L6388 9 106§ €6/v1/50 STLI6S 12 L688 € L16S €6/E1/S
0020 91 L9l IS 116 90 Z6v8 8 106S 26/90/%0 €S LT6S 90 Z6¥8 S 816§ z6/1/¥
86LL S1 L 61 YL $06S ¥L LSES 9 968¢ 16/S0/11 T$ 0268 YL LSES € 9168 16/S/1%
86LL S1 v 91 YL Y06S 09 0178 1 1065 16/50/90 TS 0T6S 09 01Z8 S L16S 16/11/9
968L S1 S 81 vL $06S 6T 6118 S 868¢ 16/31/€0 €S 0Z6S 6Z 6118 0LI6S 16/81/¢
86LL S1 L1 SL ¥06S 9S T8LL L S06S 06/21/%0 €S 026 9S Z8LL ¥ 0Z6s 06/E1 /%
208L ST v LI 9L ¥06S ST 169¢ T 668 06/91/10 S 0268 ST 169L 9 916§ 06/91/1
208L ST €SI 9L 06§ 01 08¥L 0 206S 68/60/90 ¥S 0265 01 08¥L €L16S 68/01/9
@) @ @) (s&sp) @) STty (6} (s4ep) @ sy
powmung  passasqo PAYT 18y Suny AT Jajep e PAY] 3j8M HSuny PAYT Jae M epm
pIjsnung PPOW PaAsdsSqQ Jo aeq pajsnumg PPOW PRARSqO Joarq
PWRIR( PAYT 3B L8P0 IPM LSEY IPM

SIURIPELD) MNBIPAY PIAIBSq() pue pajeynums
ez-g 9qey,

O =,



ied

$661 Areniqaq
vaIy opisfiTH 188

Hodoy SJ/SWO 1 NO

(U 081) LSLY TIOA PUB /850 [[OM UeoM]aq 20UsISIp o) £q PpIAIp (WNWIXBW PUE WNUINAW JS8IOAB) SOOUIIOLIP [9AS] JOJeM WIOIJ PIISNO[ED oI SHUSIPRID »
S[OAQ] J9JeM WI SOUIYI(

TOAQ] JoTem porejnums Jo Sumy,

[AS] I9YeM POAISSQO JO JUSWIAINSEOW JO A8

LET O 9110 pSIUSIPEID)  WINUNUGIRN

1810 €91 0 pSIUAIPEID  WNUIXBIN

P10 el 0 PSIUSIPRID  38BIOAY
66¥9 ¢ 80T SoUSIHI(J WU
86¥€ Tt €67 SOOUSII(] WnWIXRIN

s197 90 2 SOOUAIAPI(  9FBIOAY
L669 8T - 81 TL8S 1T L6388 yoyewr poo3 oN 88 0065 12 L688 9 1065 £6/¥1/S0
86VS Tt - 96 8L8S 90 T6v8 Adda 26/90/0 16 116§ 90 Tov8 8 1065 6/90/Y0
1099 ¥T 912 80 088§ YL LSES 0 SL8S 16/S0/11 YL 06§ VYL LSES 9 968¢ 16/50/11
1099 ¥T 6 €T 80 088§ 09 0128 TLL8S 16/€0/90 YL 065 09 0128 1 106§ 16/50/90
¥0S9 vT 60 083S 6 6118 Add 16/10/40 YL 06S 6T 6118 S 868¢ 16/81/€0
66¥9 ¥C € 6C 071 088¢ 9¢ T8LL ¥ 9L8S 06/CT1/¥0 SL v06S 96 T8LL L S06S 06/1/v0
L6S9 ¥T 8 0C 0T 088¢ ST 169L v 8L8S 06/91/10 9L Y065 ST 169L T 668S 06/91/10
66v9 T LyT 11 088S 01 08¥L € LL8S 68/01/90 9L P06S 01 08¥L 0 206¢ 68/60/90

@ a W) (sAep) @ ELlg! @ (skep) t))] W249]
i T R o e

W] [PAY] N8 L8LY TPM L8P0 P

SHURIPRIL) JNEIPAH PIAIISG() pue pIje[nunsg
qz-4 ?lqeL




[A%R: §

§661 Arenuqag
BaIy OpISTITH 188

noday S4/SWD I NO

(U 797) L8SS TI°M PUR L8.p TIOM USIM)Sq SOUISIP oI £q POPIAIP (WNUITXYW PUB WINWIUIG oFeI0AE) S00UIOIP [9AS] JOJEM WIOLJ PINENO[Ed 918 SJUSIPRID P
S[OAQ] I378M W Q0URIYI(

[9AS] IojeM paje[nulis Jo SUME,

TAS] J318M PRAISEQO JO JUSTHOINSBIW Jo 318

010 w10 FSIUSIPRID WRURITpy

io 910 SWIPRIO wWnWITXe

LeT O SS10 SIBITPRID oferoay
€05€ 91 61C saoBaIIIq wnumuy
66¢€¢ €T 99T saouARIIq WNUIXeN

[AN44 182 SOOURII(T o8eroAy
£05S 91 £9 SS8S 1T L6883 6 0S8S £6/¥1/50 81 TL8S 1T L688 yoyew poo3 oN
869% 07 6% 8S8¢ 90 T6¥8 9 €686 T6/10/%0 96 8L8S 90 T6v8 Add 6/90/%0
101€ €2 | A74 LL 958§ ¥L LSES 9 0<8¢ 16/50/11 80 088¢ bL LSES 0 SL8S 16/S0/11
101€ €2 §9T LL 958¢ 09 0128 L 0$8¢ 16/50/90 80 0885 09 0128 TLLSS 16/50/90
861¢ €2 LL 958¢ 6C 6118 Xda 16/10/%0 60 088¢ 6T 6118 Aaa 16/10/¥0
10e€ €2 67T LL 958¢ 95 TBLL S £68¢ 06/21/¥0 01 088§ 96 T8LL ¥ 9L8S 06/T1/40
10¢€ €2 LL 958§ ST 169L Ada 06/91/10 01 088S €T 169L ¥ 8L8S 06/91/10
66¢E€ €2 992 LL 958§ 01 08¥L L 08¢ 68/10/90 11 088¢ 01 08¥L €LL8S 68/01/90

@) @) (¢))] (s4ep) (t1) Joad] t1) (sAep) ") 98]
RS PM0  Cmmg  fpow w0 joowa  pemms  woW s oema
AR [PA3T INBM L8SS TPM L8LY TPM

S)USIPEAS) JNEIPAR] PIATISGQ PUE PajBjnung
974 3qeL




Parameters Analyzed mn Sensitivity Analysis

Table B-3

Sensitivity Analysis Baseline
Colluvium Alluvium | Colluvium | Alluvium
Distribution coefficient (Kd) L/mg 477 477 434 434
Distribution coefficient (Kd) L/mg 3 906 3 906 434 434
Half hfe days 0 0 3705 3705
Porosity 018 0225 036 045
Hornizontal hydraulic conductivity ft/day 012 48 045 60
(Kxx)' (m/day) (0 037) (1 463) 0 137) (1 829)
Horizontal hydraulic conductivity ft/day 12 72 045 60
(Kxx)! (m/day) (0 366) (2 195) 0 137) (1 829)

! The ratio of horizontal to vertical hydraulic conductivities was kept the same for the sensitivity analysis as 1t was for

the baseline model runs
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Table B-4

Model Assumptions and Uncertamnty Factors

Model assumption Cause of uncertamty Probable effect on Relative degree of
or uncertainty factor or model error model results uncertainty
Two-dimensional Three-dimensional Incorrect spatial Low Model adequately
model transport not distribution of matches general trends 1n
simulated concentrations and flows | the horizontal behavior of
the observed plume Model
1s conservative due to
underestimation of spreading
transverse to model plane
Porous media Flow 1n fractures or Incorrect spatial Low Although shp
other secondary distribution of subsurface failure planes
porosity not simulated | concentrations and fluxes | have been mapped (DOE
1994) 1t 1s likely that such
potential pathways have
healed and are no longer
permeable
Steady state flow Transient flow 1s not Incorrect spatial Low Contaminant transport
simulated for distribution of and fluctuations in flow
calibration concentrations and flows | become less important over
long periods of tme The
model 1s conservative 1n
simulating continually
saturated conditions where
seasonal wetting and drying
1s known to occur
Matenal properties Heterogeneity within Incorrect spatial Low The primary
are homogeneous model layers distribution of hydrogeologic layers that
within a model layer contaminants and flows affect transport are well
characterized
Timing of release Not well known Incorrect spatial Low Model 1s generally
distribution of conservative Observed
contanunants concentrations have
generally reached a steady
state condition suggesting
that transport across the
hallside has achieved steady
statc Therefore knowledge
of the timing of release 1s
not required to predict
future conditions
Nature of release Processes other than Incorrect spatial Low Model 1s conservative
dissolution are not distribution of and bounds observed
modeled contaminants concentrations
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Sorption Linear sorption Incorrect spatial Low Organic carbon
distribution of content of subsurface
contaminants matenals 1s low

Natural recharge and | Not measured Incorrect spatial Moderate Model 1s

discharge rates distnbution of sensitive to this parameter
contaminants and flows

Decay and Multi-component Incorrect spatial Low Model 18 conservative

transformation transport not distribution of

simulated due to lack contamunants
of site specific data

Porosity Measurement error Incorrect spatial Low Measurement error
distribution of relatively small
contaminants

Daffusion coefficient Not measured Incorrect spatial Low Error 1s small and
distnbution of model 1s msensitive to this
contaminants parameter

Daspersivity Not measured Incorrect spatial Moderate Parameter 1s
distribution of based on scale of site this 18
contaminants a standard assumption

Size of source Not measured Incorrect spatial Low Model has been
distribution of assumed to be insensitive to
contaminants source s1ze (Fedors et al
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ACRONYMS

dichloroethene

1 DCE 11
1 1 1 1 trichloroethane

1 TCA

ik

ATSDR Agency for Toxic Substances and Disease Registry

BRA Baseline Risk Assessment

CERCLA Comprehensive Environmental Response Compensation and Liability Act
CCl, carbon tetrachloride

CNS central nervous system

DOE Department of Energy

EE Ecological Evaluation

EPA Environmental Protection Agency

FS Feasibihity Study

HI hazard indices

HQ hazard quotient

NOAEL no observed adverse effect level

ou1 Operable Umit No 1

PCE tetrachloroethene

PHE Public Health Evaluation

PRG preliminary remediation goal

RAGS Risk Assessment Gudance for Superfund
RCRA Resource Conservation and Recovery Act
RfD reference dose

RFETS Rocky Flats Environmental Technology Site
RFI/RI RCRA Facility Investigation/Remedial Investigation
SFs slope factors

VOCs volatile orgamic compounds
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C 10 INTRODUCTION

The Phase III Resource Conservation and Recovery Act (RCRA) Facility
Investigation/Comprehensive Environmental Response Compensation and Liability Act
(CERCLA) Remedial Investigation (RFI/RI) at Operable Unit No 1 (OU1) 881 Hillside Area
at the Rocky Flats Environmental Technology Site (RFETS) includes a Baseline Risk Assessment
(BRA) The BRA 1s comprised of an Ecological Evaluation (EE) and a Public Health Evaluation
(PHE) The results of the complete OU1 PHE are presented in Volume X Appendix F of the
Final Phase IIT RFI/RI dated June 1994 [Department of Energy (DOE) 1994a}]

Thas risk assessment performed for the QU1 Feasibility Study (FS) 1s intended to calculate and
document the human health risks associated with OU1 assuming that specified remedial actions
are incorporated at the site This nisk assessment considered the dominating carcinogenic risks

noncarcinogenic hazards associated contaminants pathways and receptors determined n the
PHE and calculated risk based on contaminant levels at the site due to incorporation of specified
remedial actions The three remedial action alternatives include no action continued use of the
french drain and extraction well (institutional controls) and remediating the contamination at the

source (remediation)

OU 1 CMS/FS Report
881 Hillside Area
February 1995 Cl1



C 2 0 EXPOSURE PATHWAYS, AND RECEPTORS OF CONCERN

Thas section discusses the potential release and transport of chemicals from OU1 This section
also discusses the potential receptors of concern and the exposure pathways by which these
receptors may be exposed to site contaminants

C 21 Exposure Pathways

An exposure pathway describes a specific environmental pathway that can expose an individual
to contaminants that are onsite or originate from a site  Five elements that must be present for

an exposure pathway to be complete

Source of chemicals

Mechanism of chemical release
Environmental transport medium
Exposure point

Human intake route

An mcomplete pathway means that no human exposure can occur An exposure pathway 1s
considered to be potentially complete and relevant if there are potential chemacal release and
transport mechamisms and receptors identified for that exposure pathway

An exposure route 1s the pathway through which a contaminant enters or 1mpacts an organism

There are four basic human exposure routes

Dermal absorption through contact with soil, surface water or groundwater
Inhalation of volatile organic compounds (VOCs) or airbome particulates
Ingestion of so1l surface water groundwater or food

External irradiation 1f radionuchides are present

As documented 1n the PHE the pathways that dominated the human health nsk are associated

with groundwater contamination Therefore the pathways considered in this risk assessment

OU 1 CMS/FS Report
881 Hillside Area
February 1995 C2



will only consider groundwater contamination associated with the potential remedial actions

C 2 2 Receptors of Concern

Receptors that were quantitatively evaluated in the PHE were

Current offsite residents

Future onsite residents

Current onsite workers

Future onsite workers

Future onsite ecological researcher

Of these potential receptors only the future onsite residents and the future onsite workers could
be significantly exposed to contaminants 1n the groundwater These two receptors and potential
scenarios are conservative since neither receptor could exposed until the RFETS has been
released for unrestricted use The remaining receptors evaluated in the PHE do not have

signmificant exposure to groundwater and therefore were not evaluated 1n this risk assessment

Although onsite residences are not consistent with future land use plans a hypothetical future
onsite resident exposure scenario 1s evaluated in this nsk assessment The future onsite resident
15 assumed to hive within the OU1 study area boundary at the Woman Creek location To use
the most conservative scenario for direct mngestion of groundwater one of the future onsite

resident scenarios assume that an adequate well water supply exists

A future onsite worker assumed to be an office worker 1s also quantitatively evaluated 1n this
nisk assessment The setting for the office worker 1s likely to have extensive paved areas and
well maintained landscaping It 1s assumed that municipal water would be supplied to the office
building and therefore the future office worker will not directly access OU1 groundwater

C 2 2 1 Future Onsite Resident

Contaminants that volatilize from site groundwater and are released to indoor air through the

OU 1 CMS/FS Report
881 Hillside Area
February 1995 C3



house foundation represent a potentially complete inhalation pathway to future onsite residents
Assuming that site groundwater 18 used within the household inhalation of VOCs from indoor
water use represents another potentially complete inhalation pathway Inhalation of outdoor
VOC:s 1s considered insignificant due to expected dispersal and dilution of the VOCs

Assuming that site groundwater will be used within the future onsite residential household direct
mgestion of groundwater contamination represents a potentially complete pathway Future onsite
residents also could physically contact contaminated groundwater Therefore dermal absorption
of contaminants from contact with contaminated groundwater represents a potentially complete
pathway

The location of the groundwater contamination for the future onsite resident 1s assumed to be

Woman Creek

C 2 2 2 Future Onsite Office Worker

Since the mumcipal water not groundwater will be used mn an office building no direct
exposure to groundwater 1s anticipated for the future onsite worker The only remaimng
exposure pathway 1s volatilization of contaminants from site groundwater and release to mdoor
air through the office building foundation The inhalation pathway 1s then potentially complete
for the future onsite office worker Similar to the future onsite resident scenario the inhalation
of outdoor VOCs 1s considered incomplete due to expected dispersal and dilution of the VOCs

As with the future onsite resident the location of the contamination for the future onsite office

worker 1s assumed to be Woman Creek

OU 1 CMS/FS Report
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C 3 0 CONTAMINANTS OF CONCERN

This section 1dentifies the contaminants of concemn and the contaminant concentrations used in
the nisk calculations

C 31 Contamnants Identified

The OU1 PHE (DOE 1994a) identified the future onsite adult resident receptor as having the
highest potential nisk values for the following contaminants

. 1 1 Dichloroethene (1 1 DCE)
° Carbon tetrachlonide (CCl,)
° Tetrachloroethene also known as perchloroethylene (PCE)

These risks were calculated assuming adequate groundwater present and available for receptor
use The total nisk values in the PHE for 1 1 DCE CCL, and PCE respectively are 3 8E 2
25E3 and 1 1E3 with the dominating pathway being ingestion of groundwater for all three
contaminants

The contaminants with the highest calculated noncarcinogenic hazard indices (HI) in the PHE
for the future onsite adult receptor assuming use of groundwater also include 1 1 DCE CCL,

and PCE In addition to these three contammants 1 1 1 trichloroethane (1 1 1 TCA) has an
elevated HI These four contaminants also yielded the highest HIs for the future onsite
residential child receptor and are of the same order of magmtude as the adult receptor

The three most dominating pathways for these contaminants are ingestion of groundwater
mhalation of volatiles and dermal contact with groundwater These pathways are all driven by
groundwater contamination and therefore this nisk assessment focuses on groundwater
associated pathways only Groundwater modeling results are used to derive concentrations of

contamination 1n groundwater at Woman Creek By comparing imtial modehng results with

OU 1 CMS/FS Report
881 Hillside Area
February 1995 Cs



respective contamnant specific preliminary remediation goals (PRGs) for RFETS (DOE 1994b)
these contaminants were deemed appropriate to use imn this nisk calculation  Detailed
groundwater modeling results (refer to Appendix B) for these contaminants are used to calculate

carcimogenic risk and noncarcinogenic Hls

C 3 2 Concentrations of Contaminants Identified

Groundwater modeling was used to calculate the expected contamination 1n groundwater at
various locations downgradient of IHSS 119 1 The concentrations were modeled to include the
specific remediation scenarios starting in 1969 and continuing 1n time steps  The three scenarios
were modeled out to the year 2029 Concentration averages were calculated for each
contaminant at the French Dramn and at Women Creek For the no action and mstitutional
controls scenario 30 year averages were calculated For the remediation scenario concentration

averages were taken beginming in 2008 after completion of remediation

The calculated groundwater concentrations were then used 1n the Johnson and Ettinger (1991)
so1l gas model which considers chemical specific parameters such as Henry s law constant and
air diffusion coefficients to calculate a vapor concentration nside a building refer to the PHE
for further detalls To calculate the concentration 1n indoor air from groundwater use the
conservatively modeled groundwater concentrations were multiplied by the volatilization fraction
of 0 065 mg/m® air per mg/l water This conservative approach 1s consistent with Andelman
(1990) and 1s discussed further in the PHE The concentrations of PCE and associated scenarios

are summarized m Table C 3 1
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C 4 0 EXPOSURE ASSESSMENT AND INTAKE EQUATIONS

Pathway specific exposures or intakes are quantified through the use of intake equations
exposure parameters, and exposure concentrations Intake equations are pathway specific while
exposure parameters and exposure concentrations are scenario-specific and pathway specific
Exposure concentrations for this risk assessment have been modeled using groundwater modeling
techniques (Appendix B) The generalized intake equations associated with each pathway and
the non chemical specific parameters that are used 1n the equations are presented 1n this section

C 41 Ingestion of Water

Equation 1 was used to calculate direct ingestion or intake of contaminated water The

mgestion rate was adjusted n accordance with the scenario

CW x IR x EF x ED
Intak /kg/day) = 1
© (mg/kg/day) BW x AT @
where

CW = Chemical concentration 1n water (mg/liter)
IR = Ingestion rate (liter/day)
EF = Exposure frequency (days/year)
ED =  Exposure duration (years)
BW = Body weight (kg)
AT =  Averaging time (period over which exposure 1s averaged 1n days)

The chemical concentration 1n water 1s a modeled value and the modeling techmques are
described 1n the PHE (DOE 1994a) Some parameters vary between adult and child receptors

such as mngestion rates exposure durations and body weights The adult and child ingestion
rates are 2 liters and 1 liter per day respectively Exposure frequency for residential receptors
15 350 days/year The exposure durations for adult and child receptors are 30 and 6 years

respectively The adult and child body weights are 70 and 15 kilograms respectively The
averaging time for a carcinogen 1s 25 550 days or 70 years
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C 4 2 Dermal Contact With Water

The future onsite resident 1s the only receptor that potentially can contact contaminated
groundwater Equation 2 was used to calculate the absorbed dose or intake of the contaminant
through the skin This equation calculates the actual absorbed dose not the amount of chemical
that comes 1n contact with the skin

CW x SA x PC x ET x EF x ED x CF
Absorbed Dose (mng/kg/day) = W AT @)
where
CW = Chemical concentration 1n water (mg/liter)
SA = Skin surface area available for contact (cm?)
PC = Chemical specific dermal permeability constant (cm/hr)
ET =  Exposure ime (hours/day)
EF =  Exposure frequency (days/year)
ED =  Exposure duration (years)
CF = Volumetnic conversion factor for water (1 hiter/1000 cm®)
BW = Body weight (kg)
AT = Averaging time (period over which exposure 1s averaged in days)

The chemical concentration 1 water 1s a modeled value as descnibed in the PHE Some
parameters vary between adult and child receptors such as skin surface areas exposure
durations and body weights The adult and child skin surface areas are 23 200 cm? and 9 180
cm? respectively The dermal permeability constants are chemical specific and their origination
1s discussed n the PHE Adult and child exposure times for dermal contact with groundwater
are 0 2 hours/day Exposure frequency for a residential adult and child 1s 350 days/year Adult
and child exposure durations are 30 and 6 years respectively The volumetric conversion factor
for water 1s 0 001 hters/cm® Adult and child body weights are 70 and 15 kilograms
respectively The averaging time for a carcinogen 1s 25 550 days or 70 years

OU 1 CMS/FS Report
881 Hillside Area
February 1995 Cc9



C 4 3 Inhalation of Airborne Contaminants

Exposure scenarios involving the residential adult residential child and office worker include
mtake of airborne contarmnants The contaminants are 1n the vapor phase and ongmate from
groundwater contaminants volatihzing and diffusing through either a home foundation or office
building foundation as applicable Assuming well water 1s used within the home the residential
receptor can also inhale contaminants volatilized during in home water use Dermal absorption
of vapor phase contaminants 1s considered to be a neghgible portion of inhalation ntakes and,
therefore 1s disregarded 1n accordance with Risk Assessment Guidance for Superfund (RAGS)
Supplemental Guidance [Environmental Protection Agency (EPA) 1991a] Equation 3 was used
to calculate inhalation intakes for residential and office worker receptors

CA x IR x EF x ED
Intak /kg/day) = 3
© (mg/kg/day) BW x AT @)
where

CA = Contaminant concentration n air (mg/m’)
IR = Inhalation rate (m*/day)
EF = Exposure frequency (days/year)
ED = Exposure duration (years)
BW = Body weight (kg)
AT = Averaging time (period over which exposure 1s averaged 1n days)

Both residential and office worker receptors have the potential to inhale volatihized contamination
that has diffused through the foundation of either a home or an office building as applicable
It 1s assumed that groundwater would not service onsite office buildings therefore only a
residential receptor could inhale volatihized contammnation due to indoor water use  The
chemical concentrations 1n indoor air (volatihzed through a foundation and volatihzed due to
mdoor water use) are modeled values as described 1n the PHE Some parameters vary between
the onsite office worker adult and child receptors such as nhalation rates exposure
frequencies exposure durations body weights and averaging times The nhalation rate 1s 15
m®/day for a residential adult (assuming ndoor activities) and 20 m*/day for both a residential
child and office worker The exposure frequency 1s 350 days/year for a residential adult and
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chld and 250 days/year for an office worker The exposure duration 1s 30 years for a
residential adult 6 years for a residential child and 25 years for an office worker The body
weight 1s 70 kilograms for a residential adult and office worker and 15 kilograms for a
residential child

C 4 4 Contaminant Intakes

The intake equations discussed use the nonchemical specific parameters chemical specific
parameters chemical concentrations, and appropriate scenarios to calculate respective chemical
mtakes Tables C 4 1 through C 4 6 summarize the carcinogemc and noncarcinogenic intakes

by scenario receptor and pathway
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Table C 4-1

Carcimogenic Intakes, No Action Scenario

Inhalation of Volatiles from

Inhalation of Volatiles Ingestion of Dermal Contact
Diffusmg Through Groundwater |with Groundwater | Indoor use of Groundwater
Contammant Foundation (mg/kg/d) (mg/kg/d) (mg/kg/d) (mg/kg/d)
French Dram
Future Onsite Resident With Water Adult
CCl, 8 79B-11 2 02E-05 1 03B-06 9 86E-06
PCE 225E 10 1 11E 04 1 24E-05 5 43B-05
11DCE 372E 11 2 59E-06 9 61E-08 1 26E-06
Future Onsite Office Worker
CccCl, 698E 11 NAP NAP NAP
PCE 1 78E 10 NAP NAP NAP
11DCE 296E 11 NAP NAP NAP
Woman Creek
Future Onsite Resident With Water Adult
CCl, 310E 14 7 14E-09 364E 10 3 48E-09
PCE 1 08E 12 5 36B-07 5 97E-08 2 61E-07
11 DCE 4 65E 16 323E11 1 20E 12 158E 11
Future Onsite Office Worker
CCl, 2 46E 14 NAP NAP NAP
PCE 8 58E-13 NAP NAP NAP
11DCE 3 69E 16 NAP NAP NAP
NAP = Not Applicable Pathway
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Carcinogenic Intakes, Institutional Controls Scenario

Table C 4-2

Inhalation of Volatiles Ingestion of Dermal Contact Inhalation of Volatiles
Diffusing Through Groundwater | with Groundwater from Indoor use of
Contaminant Foundation (mg/kg/d) (mg/kg/d) (mg/kg/d) Groundwater (mg/kg/d)
[ French Dram
Future Onsite resident With Water Adult
CCl, 8 99E 13 2 07B-07 1 06E-08 1 01E-07
PCE 101E 11 5 01E-06 5 58B-07 2 44E-06
11 DCE 5 44B-14 3 78B-09 1 40B-10 1 84B-09
Future Onsite Office Worker
CCl, 7 14E-13 NAP NAP NAP
PCE 8 03E-12 NAP NAP NAP
11DCE 4 32E 14 NAP NAP NAP
Woman Creek
Future Onsite resident With Water Adult
CcCl, 1 07E-15 2 47E-10 1 26E-11 1 20E-10
PCE 1 20E-13 5 93E-08 6 60E-09 2 89E-08
11DCE 9 57E-19 6 66E 14 247E 15 324E 14
Future Onsite Office Worker
CCl, 8 51E 16 NAP NAP NAP
PCE 9 49E-14 NAP NAP NAP
11DCE 7 60E 19 NAP NAP NAP
NAP = Not Apphcable Pathway
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Table C 4-3
. Carcinogenic Intakes, Remediation Scenario

e

Inhalation of Volatiles Ingestion of Dermal Contact with | Inhalation of Volatiles
Diffusmmg Through Groundwater Groundwater from Indoor use of
Contammant Foundation (mg/kg/d) (mg/kg/d) (mg/kg/d) Groundwater (mg/kg/d)
B - French Dram
Future Onsite Resident With Water Adult
CCl, 1 56E 12 3 60E-07 1 84E-08 1 75E-07
PCE 2 10E-11 1 04E-05 1 16E-06 5 06E-06
11 DCE 7 74E 16 5 39E-11 200E 12 263E 11
Future Onsite Office Worker
CCl, 124E 12 NAP NAP NAP
PCE 1 66B-11 NAP NAP NAP
11DCE 6 15E 16 NAP NAP NAP
Woman Creek
Future Onsite Resident With Water Adult
CCl, 8 40E 15 1 93E-09 9 87E 11 9 43E 10
PCE 4 06E 13 2 01E-07 2 24E-08 9 80E-08
11DCE 3 94E 18 2 74E 13 1 02E-14 134E 13
Future Onsite Office Worker
CCl, 6 67E 15 NAP NAP NAP
PCE 3 22B-13 NAP NAP NAP
11DCE 313E 18 NAP NAP NAP
NAP = Not Applicable Pathway
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Noncarcinogemic Intakes, No Action Scenario

Table C 4-4

Dermal Contact
Inhalation of Volatiles Ingestion of with Inhalation of Volatiles
Diffusing Through Groundwater Groundwater from Indoor use of
Foundation (mg/kg/d) (mg/kg/d) (mg/kg/d) Groundwater (mg/kg/d)
French Dram
Future Onsite Resident With Water Adult
CCl, NA 5 90E-05 3 01E-06 NA
PCE NA 3 25B-04 3 62E-05 NA
11DCE NA 7 55E-06 2 80E-07 NA
111 TCA 4 40B-08 1 24E-03 4 88E-05 6 03E-04
Future Onsite Resident With Water Child
CClL, NA 1 10E-04 4 45E-06 NA
PCE NA 6 06E-04 5 34BE-05 NA
11 DCE NA 1 41E-05 4 14E-07 NA
111TCA 2 19B-07 2 31E-03 7 21B-05 3 00B-03
Future Onsite Office Worker
CCl, 1 95E-10 NAP NAP NAP
PCE 4 99E 10 NAP NAP NAP
11 DCE 8 28E-11 NAP NAP NAP
111TCA 3 35E-08 NAP NAP NAP
. Woman Creek

J Future Onsite Resident With Water Adult
CCl NA 2 08E-08 1 O6E-09 NA
PCE NA 1 56E-06 1 74E-07 NA
11DCE NA 9 43E 11 3 50E 12 NA
111TCA 9 89E 11 2 78E-06 1 10E-07 1 36E-06
Future Onsite Resident With Water Child
CCl, NA 3 89E-08 1 57E-09 NA
PCE NA 2 92E-06 2 57TE-07 NA
11 DCE NA 1 76E 10 517E 12 NA
111TCA 4 92E 10 5 19E-06 1 62E-07 6 75E-06
Future Onsite Office Worker
CCl1 6 89E 14 NAP NAP NAP
PCE 2 40E 12 NAP NAP NAP
11DCE 103E 15 NAP NAP NAP
111TCA 7 54E 11 NAP NAP NAP

NA = Not Available
NAP = Not Applicable Pathway
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Table C 4-5

Noncarcinogenic Intakes, Institutional Controls Scenario

Dermal Contact
Inbalation of Volatiles Ingestion of with Inhalation of Volatiles
Diffusing Through Groundwater Groundwater from Indoor use of
Contammant Foundation (mg/kg/d) (mg/kg/d) (mg/kg/d) Groundwater (mg/kg/d)
French Dram
Future Onsite Resident With Water Adult
CCl, NA 6 04E-07 3 08E-08 NA
PCE NA 1 46E-05 1 63E-06 NA
11 DCE NA 1 10E-08 4 10E 10 NA
111TCA 1 19E-09 3 35E-05 1 32B-06 1 63e-05
Future Onsite Resident With Water Child
ccl, NA 1 13E-06 4 55E-08 NA
PCE NA 2 73BE-05 2 41E-06 NA
11DCE NA 2 06E-08 6 05B-10 NA
111TCA 5 93E-09 6 25E-05 1 95E-06 8 13E-05
Future Onsite Office Worker
CCl, 2 00E 12 NAP NAP NAP
PCE 2 25E 11 NAP NAP NAP
11DCE 121E 13 NAP NAP NAP
111 TCA 9 O8E 10 NAP NAP NAP
Woman Creek

Future Onsite Resident With Water Adult
CCl, NA 7 20E-10 367B 11 NA
PCE NA 1 73E-07 1 93E-08 NA
11DCE NA 1 94E 13 721E 15 NA
111TCA 728E 12 2 05BE-07 8 O7B-09 9 97E-08
Future Onsite Resident With Water Child
CCl, NA 1 34B-09 543E 11 NA
PCE NA 3 23E-07 2 84E-08 NA
11DCE NA 362E 13 1 06E 14 NA
111 TCA 3 62E 11 3 82E-07 1 19E-08 4 96E-07
Future Onsite Office Worker
CCl, 238E 15 NAP NAP NAP
PCE 2 66F 13 NAP NAP NAP
11DCE 2 13E-18 NAP NAP NAP
111 TCA 5 54E 12 NAP NAP NAP

NA = Not Available

NAP = Not Applicable Pathway
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Table C 4-6

Noncarcinogenic Intakes, Remediation Scenario

Dermal-Contact

Inhalation of Volatiles Ingestion of with Inhalation of Volatiles
Diffusing Through Groundwater | Groundwater from Indoor use of
Contammant Foundation (mg/kg/d) (mg/kg/d) (mg/kg/d) Groundwater (mg/kg/d)
French Dram
Future Onsite Resident With Water Adult
CCl, NA 1 O5BE-06 5 36E-08 NA
PCE NA 3 03E-05 3 37E-06 NA
11DCE NA 157E 10 5 83B-12 NA
111TCA 1 96E-09 5 53E-05 2 18E-06 2 69B-05
Future Onsite Resident With Water Child
CCl, NA 1 96E-06 7 91E-08 NA
PCE NA 5 66E-05 4 98B-06 NA
11DCE NA 2 93E-10 8 61E 12 NA
111TCA 9 78E-09 1 03E-04 3 22E-06 1 34e-04
Future Onsite Office Worker
cal, 3 47B-12 NAP NAP NAP
PCE 4 66E 11 NAP NAP NAP
11 DCE 172E 15 NAP NAP NAP
111TCA 1 50E-09 NAP NAP NAP
Woman Creek
Future Onsite Resident With Water Adult
CCl, NA 5 64B-09 2 88E 10 NA
PCE NA 5 86B-07 6 53E-08 NA
11DCE NA 8 00E-13 297E 14 NA
111TCA 257E 11 7 23E-07 2 85E-08 3 53e-07
Future Onsite Resident With Water Child
CCl, NA 1 O5E-08 4 25E 10 NA
PCE NA 1 09E-06 9 64E-08 NA
11DCE NA 149E 12 4 39E 14 NA
111TCA 1 28E 10 1 35B-06 4 21E-08 1 76E-06
Future Onsite Office Worker
CCl, 187E 14 NAP NAP NAP
PCE 9 01E 13 NAP NAP NAP
11DCE 8 76E 18 NAP NAP NAP
111TCA 1 96E 11 NAP NAP NAP
——— e —

NA = Not Available

NAP = Not Applicable Pathway
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C 50 TOXICITY ASSESSMENT

This section provides the toxicity constants used for risk characterization purposes and
summarizes toxicological information Specific derivation of toxicity constants and respective
sources 18 discussed 1n the PHE For this nisk assessment toxicity information 1s summarized
for two categories of potential effects noncarcinogemic and carcinogenic effects These two
categories were selected because of the shightly differing methodologies for estimating potential
health nisks associated with exposures to carcinogens and noncarcinogens Toxicity information

1s provided for the four contaminants of concern

e 11DCE
e 111TCA
e CCl,

e PCE

Table C 5 1 also summanizes chemical specific constants for each of these contaminants

C51 1,1 DCE

Volatihzation and subsequent photo-oxidation 1n the atmosphere are the primary transport and
fate process for 1 1 DCE The available information also indicates that sorption bio
accumulation and degradation of 1 1 DCE are possible albeit at lower rates and are not of

environmental significance

Studies on the general toxicity and possible carcinogenicity of 1 1 DCE are hmited Oral LD50
of 1 1 DCE 1n rat 1s 1 500 mg/kg Exposure to high concentrations 1s often associated with
disturbances of the central nervous system Chronic exposure to low doses of 1 1 DCE has been
shown to produce hepatic and renal toxicity However 1 1 DCE does not produce embry

toxicity and teratogenic effects 1n expenimental animals
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The results of the studies on the carcinogenic effects of 1 1 DCE are inconclusive However
1 1 DCE has been shown to be mutagenic in several bacterial assays

For 1 1 DCE the oral reference dose (RfD) 1s 9 O0E 03 mg/kg day and the oral and inhalation
slope factors (SFs) are 6 00E 01 and 1 75E-01 (mg/kg day)’ respectively (Table C 5 1)

C52 1,11 TCA

111 TCA 1s used as a solvent for cleaning precision mnstruments for metal degreasing as

aerosol propellants as a pesticide and 1 textile processing

11 1 TCA has a low toxicity profile (oral LD;, in rats 1s 11 000 mg/kg) Both in humans and
ammals high concentrations of 1 1 1 TCA causes disturbances of the central nervous system
characterized by such symptoms as depression imbalance i equilibrium and temporary
reversible loss of coordmation Other effects including cardiovascular effects such as
hypotension premature ventricular contractions and arrhythmia have been reported Effects
such as irmtation of the skin mucous membranes and eye as a result of exposure to 1 1 1 TCA
has been reported (EPA 1985)

Torkelson et al (1958) exposed groups of rats rabbits guinea pigs and monkeysto 1 1 1 TCA
vapor at concentrations of 500 1000 2000 or 10 000 ppm From these studies 1t was
determined that the female guinea pig was the most sensitive species of those tested At 500
ppm groups of eight male and eight female guinea pigs showed no evidence of adverse effects
compared with unexposed and air-exposed controls after exposure for 7 hours/day 5 days/week
for 6 months Groups of five female guinea pigs exposed to 1000 ppm 1 1 1 TCA vapor 3
hours/day 5 days/week for 3 months had fatty changes in the hiver and statistically sigmficant
mcreased liver weights Thus this study defined a NOAEL of 500 ppm (2730 mg/m®) 1n guinea

pigs
In a simlar study (Adams et al 1950) groups of gumea pigs of 6 10 were exposed to
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111 TCA (650 ppm) vapor 7 hours/day, 5 days week for 2 to 3 months These animals
exhibited a shght depression in weight gain compared with both air exposed and unexposed
controls thereby establishing a LOAEL of 650 ppm (3550 mg/m®) 1n gumea pigs

On the basis of the existing inadequate amimal data and absence of human carcinogenicity data
1 1 1 TCA 1s not classifiable as to human carcmogenicity (EPA weight of evidence classification
D) There are no reported human data and ammmal studies (one hifetime gavage and one
mtermediate term 1nhalation) have not demonstrated carcmogenicity Techmcal grade 11 1
TCA has been shown to be weakly mutagenic although the contaminant 1 4 dioxane a known

amimal carcinogen may be responsible for this response

C 53 CCl,

CCl, 1s used 1n the preparation of refnidgerants aerosols and propellants the preparation of
chlorofluoromethanes the production of semiconductors dry cleaning operations veterinary
medicine and organic synthesis It 1s also used as an agricultural fumigant a solvent for fats
ouls and rubber and an industrial extractant

The effects of CCl, were studied by Lamson and Minot (1928) in patients receiving CCl, and
magnesium sulfate orally as a treatment for hookworms The authors reported the treatment of
thousands of patients with a single dose of 2 5 15 ml of CCl, without any adverse effects One
man was reported to have safely ingested 40 ml of CCl, However an extremely small
population of adults died after recerving 1 5 ml of CCl, and doses of 0 18 0 92 ml were reported
to be fatal to children

The toxic effect of CCL, are potentiated by both the habitual and occasional ingestion of alcohol
(EPA 1991b) Pretreatment of laboratory ammals with ethanol methanol or 1sopropanol
mcreases the susceptibility of the liver to CCl, Protective effects against CCl, induced hipid
peroxidation are exhibited by vitamin E selemum and methionme  Very obese or

undernourished persons or those suffering from pulmonary diseases gastric ulcers or a tendency
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to vomiting liver or kidney diseases diabetes or glandular disturbances are especially sensitive
to the toxic effect of CCl, (Von Oettingen 1964)

Stewart et al (1961) reported the toxic effects of experimental exposure of human volunteers
to CCl, vapor Healthy males 30 59 years of age were exposed to concentrations of 63 69
and 309 mg/m® of CCl, 1n an exposure chamber for 180 minutes at the two lower doses or 70
minutes at the lghest dose One of six subjects exposed to the highest concentration
experienced had an increased level of urinary urobilinogen 7 days after exposure In addition
two out of four subjects exposed to the highest concentration and momitored for serum iron

showed a decrease within 48 hours after exposure

Little data are available concerning the teratogenic effects of CCl, Schwetz et al (1974) found
CCl, to be shghtly embryotoxic and to a certain degree retarded fetal development when
administered to rats at 300 or 1000 mg/{ for 7 hours/day on gestation days 6-15

Cases of chronic poisoning have been reported by Von Oettingen (1964) and others The
chmcal picture of chromic CCl, poisomng 1s much less characteristic than that of acute
powsoning Patients suffering from this condition may complain of fatigue lassitude giddiness

anxiety and headache The suffer from paresthesia and muscular twitchings and show increased
reflex excitability They may be moderately jaundiced, have a tendency to hypoglycemia and
biopsy specimens of the liver may show fatty mnfiltration Patients complain of lack of appetite

nausea and occasionally of diarrhea In some instances the blood pressure 1s lowered and 1s
accompamed by pain 1n the cardiac region and mild anemia  Other patients have developed pain
m the kidney region dysuria and shight nocturia and have had urine contamning small amounts
of albumin and a few red blood cells Burming of the eyes and 1n a few mstances blurred
vision are frequent complaints of those exposed If these symptoms are not pronounced or of
long standing recovery usually takes place upon discontinuation of the exposure if the proper
treatment 1s received (Von Oettingen 1964)

Reports on pathological changes 1n fatalities from CCl, poisoning are generally hmated to
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findings 1n the hiver and kidneys The brain and lungs may be edematous The intestines may
be hyperemic and covered with numerous petechial hemorrhages and the spleen may be enlarged
and hyperemic Occasionally the adrenal glands may show degenerative changes of the cortex
and the hearth may undergo toxic myocarditis (Von Oettingen 1964)

There have been three case reports of hiver tumors developing after CCl, exposure Several
studies of workers who may have used CCl, have suggested that these workers may have an
excess risk of cancer CCl, has been classified by the EPA as a probable human carcinogen
(EPA weight of evidence classification B2) based on carcinogemcity mn rats mice and hamsters

producing hepatocellular carcinomas 1n all three of these species (EPA 1991c)

C54 PCE

PCE has widespread use 1n the dry cleaming and textile industries It 1s also used in the cold
cleamng and vapor degreasing of metals as a chemical intermediate in the synthesis of
fluorocarbons as a component of aerosol laundry treatment products as a solvent for silicones,
as the msulating fluid and cooling gas 1n electrical transformers and 1n typewriter correction
flud PCE 1s not known to occur naturally but contributes to water pollution through leaching
from vinyl liners 1n asbestos-cement water pipehines and as wastewater from metal fimshing

laundnies aluminum forming organic chemical/plastics manufacturing and municipal treatment
plants Air contamination 18 the result of emissions and vaporization losses from dry cleaning
and industrial metal cleaming (ATSDR 1992)

The effects discussed below are due to occupational exposure levels which are much higher than
the expected environmental levels Prnimanly exposure occurs through nhalation of
contaminated air or ingestion of contaminated water PCE can cause hightheadedness dizziness
euphoria blindness cardiac arrhythmias hypotension cyanosis respiratory depression
pulmonary hemorrhages and central nervous system (CNS) depression 1n acute dosages When
chronically dosed trigemal nerve impairment liver mjury and chapped skin can occur PCE
1s metabolized and excreted very slowly Individuals with diseases of the heart liver kidneys
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and lungs are the most vulnerable to PCE poisoning It has also been known to cause jaundice
i newborns from PCE excretion 1n the breast milk [Agency for Toxic Substances and Disease
Registry (ATSDR) 1992]

Historically few acute or chronmic industrial toxicity problems have arisen from the use of this
solvent although researchers have reported both hepatotoxity and CNS effects Ingested or
mhaled PCE 1s mostly excreted by the lungs The metabolism of PCE 1s very slow a very low
percentage 1s excreted in the urine as metabolites Currently no mhalation RfD i1s available for
PCE Oral RfDs have been calculated based on research with rodents Primary effects
associated with PCE exposure include hiver and kidney damage and CNS depression The oral
RfD for chronic exposures 1s 1E-2 mg/kg/day with an uncertainty factor of 1000 There 1s
medmum confidence m this RfD because no one study combined the features required for deriving
a high confidence RfD Confidence 1n the principle study 1s low because 1t lacked complete
histopathological exammnation at the no observed adverse effect level (NOAEL) and
corroborative studies on its teratogenic and reproductive impacts are lacking (EPA 1994)

PCE 1s histed as a probable group B2 carcinogen 1n IRIS has an oral SF of 5§ 20E 2 and an
mhalation SF of 2 03E 3 Thus classification was based on studies performed on rodents where
mhalation produced both leukemia and tumors of the liver PCE 1s for the most part
nonmutagenic and has not been shown to cause reproductive toxicity
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C 6 0 RISK CHARACTERIZATION

Rusk characterization mvolves estimating the magnitude of potential adverse effects summarizing
the nature of the threats to public health and considering the nature and weight of evidence
supporting these nsk estimates and the degree of uncertamnty surrounding the estimates

Specifically nsk characterization involves combining the results of the exposure and toxicity
assessments to provide numerical estimates of health nsk These estimates are comparisons of
exposure levels with appropniate RfDs or estimates of the lifetime cancer risk with a given
intake

Generally to quantify the health nisks the intakes are first calculated as identified in Section
C 40 for each applicable scenario The intakes were calculated from the concentrations
discussed 1 Section C 3 2 and the methodology documented in RAGS (EPA 1989) The
specific ntakes, calculated m Section C 4, were then compared to the applicable chemical
specific toxicological data presented 1n Section C 5 to determune the health nisk

The health nisks from the contaminants were calculated to determine potential carcinogenic and
noncarcinogemc effects as discussed m Sections C 6 1 and C 6-2 respectively

C 6 1 Rusk and Hazard Quotient Calculation

Potential carcinogenic risks are expressed as an estimated probability of an individual developing
cancer from hifetime exposure to the carcinogen This probability 1s based on projected intakes
and chemical specific dose response data called cancer slope factors (SFs) Cancer SFs and the
estimated daily intake of a compound averaged over a hifetime of exposure 1s used to estimate
the mncremental nsk that an individual exposed to that compound may develop cancer Potential

carcmogenic risks are estimated from the following equation

Risk = Intake X SF 4

where
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Risk =  Potential hfetime excess cancer risk (unitless)
SF =  Slope factor for chemicals (mg/kg/day) *
Intake =  Chemical intake (mg/kg/day)

Potential health effects of chromic exposure to noncarcmogenic compounds 1s assessed by
calculating a hazard quotient (HQ) whuch 1s derived by dividing the estimated daily intake by
a chemical specific RfD as shown 1n the following equation

HQ = Intake/RfD ®)
where
HQ =  Noncancer hazard quotient (unitless)
Intake =  Chemical ntake (mg/kg/day)
RfD =  Reference dose (mg/kg/day)

A HQ greater than 1 0 indicates that exposure to that contaminant (at the concentrations and
for the duration and frequencies of exposure estimated 1n the exposure assessment) may cause
adverse health effects 1n exposed populations However the level of concern associated with
exposure to noncarcinogenic compounds does not increase hinearly as HQ values exceed 1 0

In other words HQ values do not represent a probabihity or a percentage For example an HQ
of 10 does not indicate that adverse health effects are 10 times more likely to occur than an HQ
value of 1 0 but that potential adverse health effects are of greater concern

C 6 2 Carcinogenic Effects

Carcmogenic risks from exposure to each contaminant were calculated and summed for a future
onsite resident using groundwater using public water and for a future onsite office worker
using public water The source of contammation considered (1) mamntaiming the current
groundwater contamination level and removing the french drain and extraction well (2)
maintaining the current groundwater contamination level and continuing the french drain and

extraction well operations and (3) remediating the contamination source and removing the
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french drain and extraction well These receptors and scenaros considered contamination at the
French Drain and at Woman Creek Tables C 6 1 through C 6-3 summarize the results of the
risk calculations by scenario receptor and pathway

For all three scenartos the highest carcinogenic risks at the French Drain and at Woman Creek
are associated with the future onsite resident The nisks for the future office worker are
neghgible (in the 10 to 10° range)

The scenario that yielded the maximum calculated carcinogenic risks was the no action scenario

The total calculated nisk for the future onsite resident with this exposure 1s 1 17E 05 with the
dominating pathway of ingestion of groundwater with a risk of 9 97E-06 (see Table C 6 1) The
nisk from the next dominant pathway 1nhalation of volatiles from indoor use of groundwater
1s 8 44E 07

The scenario with the next highest calculated carcinogenic risk assumed remediation of the
contamination and discontinuing the operation of the french drain and extraction well The total
calculated risk for the future on site resident with this exposure 1s 6 69E 07 with the dominating
pathway of ingestion of groundwater with a nisk of 5 87E-07 (see Table C 6 3)

The mstitutional controls scenario has the lowest calculated carcinogenic risks The total
calculated risk for the future on site resident with this exposure 1s 3 31E 07 with the dominating
pathway of imngestion of groundwater with a nisk of 2 88E-07 (see Table C 6 2) In all three
scenarios PCE 1s responsible for the highest risks

C 6 3 Noncarcinogenic Effects

The receptors and pathways used to evaluate carcinogemc effects were also used to evaluate
noncarcimogenic effects The HIs for each contaminant are the summed HQs for each exposure
pathway If the HI exceeds unity there may be a concern for potential health effects and the
exposure should be evaluated more closely Tables C 6 4 through C 6 6 summarize the results
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of the HQ and HIs calculations by scenario receptor and pathway

The calculation of HQs and respective HIs did not yield a sigmficant noncarcinogenic hazard
(1 ¢ did not approach umty) The highest HI 1s 2 59E-01 for a future onsite child resident and
the no action scenario (see Table C 6 4) The dominating pathway for this receptor 1s ingestion
of groundwater with a HQ of 1 57E 01 from CCl, The remammng HIs ranged from 1 40E 01
to 1 85E 12
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C 7 0 UNCERTAINTY ANALYSIS

Uncertainty analysis 1s an important component of the risk assessment process According to
the EPA Guidance on Risk Characterization for Risk Managers and Risk Assessors pomt
estimates of risk do not fully convey the range of information considered and used m
developing the assessment (EPA 1992) To provide information about the uncertanties
associated with the risk assessment uncertainties were 1dentified during the PHE process (DOE
1994a) and are presented 1n qualitative terms

C 71 Sources of Uncertainty

There are four stages of analysis applied during the risk assessment process that can introduce

uncertainties
o Data Collection and Evaluation
*  Exposure Assessment
¢  Toxicity Assessment
. Risk Charactenization

The uncertainty analysis characterizes the propagated uncertamnty in pubhc health nsk
assessments These uncertainties are driven by uncertainty 1n the chemical momtoring data the
transport models used to estimate concentrations at receptor locations receptor intake
parameters and the toxicity values used to characterize risk Additionally uncertainties are
mtroduced 1n the nisk assessment when exposures to several substances across multiple pathways

are summed

One approach to address the uncertainties 1s to use health protective assumptions Health
protective assumptions are those that systematically overstate the magmtude of health risks such
that even with errors due to uncertainty in the methodology actual health nisks are expected to
be less than those calculated This process bounds the plausible upper limits of nisk and

facilitates an informed risk management decision
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C711 Data Collection and Evaluation

Variability 1n observed concentrations 1s due to sampling design and implementation laboratory

analysis seasonality contaminant level vaniation and natural variation

C 712 Exposure Assessment

The largest measure of uncertainty 1n the exposure assessment 1s associated with charactenizing
transport dispersion and transformation of COCs m the environment establishing exposure
settings and deriving estimates of chronic intake The ultimate effect of this process 1s the

generation of a range or distribution of estimates for intake at a given exposure point

C 713 Toxicity Assessment

Toxicity assessment 1s the process of characterizing the relationship between the dose or intake
of a substance and the incidence of adverse effects in the exposed population Toxicity
assessments evaluate results from studies with laboratory amimals or from human epidemiological
studies These evaluations are used to extrapolate high levels of exposure where adverse effects
are known to occur to low levels of environmental exposures where effects can only be
predicted based on statistical probabilities The results of these extrapolations are used to
establish quantitative indicators of toxicity

C 7 1 4 Rusk Characterization

The last step 1n the nisk assessment 1s risk characterization Ths 1s the process of integrating
the results of the exposure and toxicity assessments (1 ¢ comparing the estimates of intake with
appropriate toxicological measures to determine the hikelihood of adverse effects 1n potentially
exposed populations) Similarly the propagated uncertainties defined throughout the uncertainty
analysis process are combmed and presented as part of the nisk characterization to provide an

overall uncertainty 1n the estimate of risk
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C 72 Uncertamty in Human Intake Parameters

Inherent 1n the evaluation of modeled contaminant intake 1s the uncertainty in the values used
to assign intakes Uncertainty parameters of intake (such as ingestion rate) as well as parameters
of demographics (residence time length of work day etc ) are evaluated quantitatively to the
extent possible so that the uncertamnty about the mean for those important varables 1s propagated
through the analysis along with modeled concentrations and toxicity constants

The selection of probability distributions as mputs to exposure and risk models 1s conducted
according to guidance set forth in the Exposure Factors Handbook (EFH) (EPA 1990)

In general the selection of a probability distribution to represent an wnput factor in
the exposure models should be based upon any gathered information about that
factor theoretical arguments and/or expert opmnions A probability distribution can
be ascertained for such information as the following general shape of the
distmbution mimmum, maximum, mode, mean median midrange and other
percentiles  Available data on the probability distributions for each of the exposure
factors discussed m this handbook have been presented 1n previous sections When
distribution data are not available distributions can be assigned using professional
judgement

Although the exact shape of many of the distributions 1s not known the estimated distributions
approximmate the current state of knowledge about these variables much better than a single point
estimate From the data presented in EFH 1t may be seen that for each vanable a range of
values exists In many cases additional information such as central tendency values (¢ g
mean median) and/or percentiles 1s provided Selection of a single pomnt estimate from such
data 1s a significant loss of information In effect a point estimate 1s a distribution 1 which a
single value has a 100 percent chance of occurring and all other values have no chance of
occurring The data presented in EFH 1s capable of providing much more information than a
single pomt estimate particularly for the purpose of risk assessment

A further consideration 1s that exposure parameters may not be independent For example there
15 typically a positive correlation between inhalation rate and body weight A range of values
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may be 1dentified 1n the literature for this correlation These correlations range from moderate
to moderately high

C 73 Qualitative Uncertainty Analysis

A quahtative uncertainty analysis can be used to estimate the mmpact of aspects of a risk

assessment

The imtial characterization that defines the risk assessment for a site involves many professional
judgments and assumptions Definition of the physical setting population characteristics and
selection of the chemicals included 1n the risk assessment are examples of areas for which a
quantitative estimate of uncertainty cannot be achieved because of the inherent rehiance on

professional judgement

Assumptions and supporting rationale regarding these types of parameters along with the
potential impact on the uncertainty (1 e , overestimation or underestimation of uncertainty) are
described qualitatively above as part of the qualitative exposure assessment uncertainty analysis
A qualitative uncertainty analysis 1s presented mn Table 1
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Table C7 1

Selected Qualitative Uncertainty Factors

Uncertamnty Factor ] Effect of Uncertamnty Comment

Fate and Transport Eshmation

Assumed house volume and
ventilation rate

May shghtly overesumate or
underestimate risk

The mdoor concentration of soil gas penetrating
the foundation depends on indoor ventilation

Soil gas source term

May overestumate or

The heterogeneous sources were assumed to be

assumptions underestumate risk homogeneous
Natural infiltration rate May overestimate nisk A conservative value was used for this
parameter
Mousture content May overestimate or Ths varies seasonally 1n the upper vadose zone
underesumate risk and may be subject to measurement error

Water table fluctuations

May shightly overestimate or
underestumate risk

The average value used 1s expected to be
representative of the depth over the 25 year

exposure period

Modeling of VOCs from soil

May over estumate or

There may be DNAPLs 1n the vadose zone

gas through the foundation underestimate nsk however conservative assumptions were used in
the modehng from the saturated zone

Variability 1n annual May shghtly overestimate or Although a nigorous statistical analysis on annual

meteorological data underesumate risk vanability was not conducted the annual

vaniability 18 less than approximately 1% 1n each
category resulting 1n less than approximately
5% from year to year

Exposure scenario assumptions

May overestimate risk

The likelihood of future onsite residential
development 1s small If future residential use
of this site does not occur then the nsk
estimates calculated for future onsite residents
are hkely to overestimate the true nisk associated
with future use of this site

Exposure parameter assumptions

May overestimate nsk

Assumptions regarding media intake population
charactenistics and exposure patterns may not
characterize actual exposures

Exposure Estimation

Exposure duration

May overestumate or

The assumption that an individual will work or

underestimate nisk reside at the site for 25 or 30 years 15
conservative Short term exposures involve
comparison to sub-chromc toxicity values which
are generally less restrictive than chronic values
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Non chemucal specific constants

May overestimate nisk

Conservative or upper bound values were used

(not dependent on chemical for all parameters incorporated into intake
properties) calculations

Toxicological data
Exclusion of some hypothetical May underestumate risk Exposure pathways were ngorously evaluated
pathways from the exposure for each scenario and ehmunated only 1f 1t was
SCenarios determined that they were either incomplete or

negligible compared to other evaluated
pathways

Permeability coefficients

May shghtly overestimate or

EPA permeability coefficients were

underestimate nisk algonthmucally predicted and have an

uncertanty of approximately one order of
magnitude

Use of cancer slope factors May overestimate nisk Potencies are upper 95th percentile confidence
limts Considered unlikely to underestimate
true risk

Critical toxicity values derived May overestimate or Extrapolation from ammal to humans may

primanly from ammal studies underesumate nisk nduce error due to differences 1n absorption

pharmacokinetics target organs enzymes and
population vanabihity

Cntical toxicity values derived

May overestimate or

Assumes linear at low doses Tend to have

primanly from hugh doses most | underestimate risk conservative exposure assumptions

exposures are at low doses

Cntical toxicity values and May overestimate or Not all values represent the same degree of

classification of carcinogens underestimate risk certainty All are subject to change as new
evidence becomes available

Lack of inhalation slope factors May underestimate nisk Carcinogemc COCs without inhalation slope
factors may or may not be carcinogemc through
the whalation pathway

Use of oral slope factors to May overestimate or Assumes that introduction to the blood stream

evaluate dermal absorption underesumate nsk through the skin acts simmiarly to absorption

through the gut

Addition of nisks across weight
of-evidence classifications

May overestimate risk

Addition of risks across weight-of-evidence
classifications 18 extremely health conservative
and potentially 1nappropniate

Lack of RfDs or RfCs

May underestimate nsk

Inhalation RfDs or RfCs are not available from
IRIS for some chemcals

Effect of absorption

May overestimate or
underestimate nisk

The assumption that absorption 18 equivalent
across species 15 implicit 1n the derivation of the
critical toxicity values Absorption may actually
vary with chemucal

Lack dermal absorption or direct
action toxicity values

May shightly underestimate risk

The unavailability of consensus absorption
values does not facilitate comparison of absorbed
dose to toxicity constants based on admimstered
dose
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C 8 0 SUMMARY

These residual nisk calculations discussed in this risk assessment were intended to develop a
quantitative assessment of the risk associated with appropriate receptors and scenarios after
specific remedial action alternatives have been implemented Based on information from the
PHE the most conservative contamination scenarios receptors and pathways were evaluated

Concentrations of contaminants were modeled using groundwater modeling techmques and then
receptor intakes were calculated The intakes were combined with toxicological data 1n rnisk and
HQ equations to calculate potential probabihities for carcinogenic risk and noncarcinogenic HQs

The carcinogemc nisks and HQs were then summed by scenario to yield total potential

carcinogenic and noncarcinogenic effects

The maximum calculated carcinogenic risk 1s for the no action scenario  The total risk to the
future onsite resident with groundwater 1s 1 17E 05

The HIs calculated for the scenarios and receptors were not sigmficant (1 e did not approach
umty) The maximum HI 1s 2 59E-01 for a future onsite child resident and the no action

scenario
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Response to EPA General Comments on August 1994
Draft Final Corrective Measures Study/Feasibihty Study (CMS/FS)
881 Hillside (Operable Umt 1)
Rocky Flats Environmental Technology Site

General Comments

Comment 1

DOE has incorrectly concluded that State Groundwater Standards are not applicable to Rocky Flats This
fundamental mistake will mean that much of this document must be rewritten 1n order to adequately assess
comphance with this ARAR DOE has not presented full rationale with supporting evidence that would
convince EPA that these standards are not applicable

Response

DOE has carefully reviewed the State s groundwater ARARSs position and the regulations concerning the
State s Basic Standards for Ground Water (5 CCR 1002 8 3 11 5) DOE has determined that the State s
basic standards are potential ARARs for all contaminants except radionuclides = The CMS/FS will be
revised to reflect this potential ARAR at OU 1

Resolution

As discussed 1n meetings held on December 8 and December 14 1994 between DOE EPA and CDPHE
the resolution to this comment 1s as stated in the response above

Comment 2

In hight of the above comment 1t 1s obvious that DOE s preferred alternative of institutions controls will
not achieve compliance with State Groundwater Standards Therefore one of the other alternatives that
will remediate groundwater must be chosen as a preferred alternative Since the french drain and
treatment plant are already in place 1t seems that there 1s much advantage to utilizing both of these
components and optimizing this system through added enhancements 1n order to reduce the remediation
time frame As such it may be necessary to consider other modifications to the alternatives already
presented such as the use of surfactants horizontal wells etc It 1s also necessary to more thoroughly
and accurately evaluate the effectiveness and cost of the french drain and treatment plant factoring in the
discontinued collection of 881 footing drain water

Response

The selection of a preferred remedy at OU 1 should be based on the results of the detailed analysis of
alternatives This approach to a preferred remedy selection 1s consistent with both RCRA and CERCLA
and subsequent guidance under each Assuming that a remedial action 1s warranted prior to examining
the revised results of the detailed analysis of alternatives 1s both premature and potentially inconsistent
with both RCRA and CERCLA guidance DOE has followed the approach outlined 1n the preamble to
the NCP rules concerning program goals program management principles and expectations (55 FR
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8702 8706) Further 1t 1s not obvious that the preferred alternative recommended in the OU 1 draft
final CMS/FS report would not achieve compliance with State Groundwater Standards Until a specific
point of compliance 1s agreed upon the EPA s assumption that a remedial action 1s necessary to achieve
comphiance under the State Groundwater Standards (which are different from the chemical specific
ARARs presented in the CMS/FS) 1s invalid DOE has suggested demonstrating compliance with certain
performance monitoring points prior to selection of a remedy while compliance at several locations 1s
evaluated by the agencies and the public

Resolution

As discussed 1n the meeting held on December 14 1994 between DOE EPA and CDPHE the results
of the revised CMS/FS report will be reviewed prior to selecting a preferred remedy for OU 1 The
results of the revised detailed analysis of alternatives will be presented to both agencies and input will
be solicited at that time for selecting an appropriate remedial action for preparation of the proposed plan
for OU 1

Comment 3

The FS states that the preferred alternative for QU1 is nstitutional control without the french drain but
with groundwater monitorings Under this strategy chlorinated solvents in the subsurface will continue
to contaminate groundwater until sources diminish through natural processes However due to some
uncertainty regarding the location and nature of the sources 1t 1s difficult to determine with confidence
how long institutional controls and groundwater monitoring will be required Modeling results presented
in the FS indicate that concentrations at Woman Creek will continue to increase until the year 2369 or
for 375 years into the future To ensure that Woman Creek 1s protected 1t follows that groundwater
monitoring will be required as long as concentrations increase but only 30 years of momitoring 1s
accounted for in the cost estimate for the preferred alternative

Response

Due to the impact of present worth analysis on cost estimates of monitoring periods extending beyond
30 years EPA guidance recommends that costs occurring beyond thirty years be neglected in feasibility
study cost analyses Specifically the Remedial Action Costing Procedures Manual (EPA 1987) states on
page 3 21 “Remedial action alternatives requiring perpetual care should not be costed beyond thirty years

for the purpose of feasibility analysis The present worth costs beyond this period become negligible and
have little 1mpact on the total present worth of an alternative ” Also the Guidance for Conducting
Remedial Investigations and Feasibility Studies Under CERCLA (EPA 1988) states on page 6 13 “In
general the period of performance for costing purposes should not exceed 30 years for the purpose of
detailed analysis  In addition 30 year monitoring periods are required under RCRA for closure actions
that may impact groundwater (6 CCR 1007 3 264 117) The costing of monitoring periods for thirty
years does not limit the actual monitoring period which would be extended if continued monitoring 1s
required

Resolution

As discussed 1n the meeting held on December 14 1994 between DOE EPA and CDPHE the
monitoring period described in the CMS/FS report will remain at 30 years as prescribed by guidance
except for remediation alternatives which may limit the amount of monitoring required
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Comment 4

The source removal remedial alternatives offer the possibility of removing source areas and potentially
reducing the post closure monitoring period and the potential for future corrective action Therefore the
tume required to reach remedial action objectives (RAOs) 1s one of the major difference among the three
general types of alternatives evaluated (monitoring containment and source removal followed by residual
contaminant containment and momtoring) The FS must evaluate the time element 1n more detail before
a remedial aiternative 1s recommended The report must also provide more discussion about the
uncertainty of the source extent and how this uncertainty affects the effectiveness of the source removal
technologies These discussions must also consider the degree of confidence gained after the proposed
so1l gas study 1s conducted In addition the FS must estimate the time 1t will take to reach a point when
monitoring 18 no longer required for each alternative and incorporate these results into the comparative
analysis The FS must also consider the uncertainty associated with the models when evaluating the
effectiveness of the various strategies Finally the FS should incorporate a sensitivity analysis into the
model results to further evaluate the tmpact of subsurface contaminant uncertainty

Response

Where possible the elements of this comment will be included in the revised CMS/FS report In
particular more text will be added to the document discussing the uncertainties involved with each
remedial action and with the source areas in general However 1t 1s because of the large uncertainty
associated with the source areas at OU 1 that 1t was not deemed appropriate to specify the monitoring
periods required for each alternative Until data are available concerning the actual performance of a
remedial action at OU 1 1t 1s impossible to accurately predict the monitoring period required for any
alternative other than through standard guidance (1e 30 years) In addition it 1s believed that these
time periods will not affect the selection of a preferred remedy and therefore are not critical to the
detailed analysis of alternatives

Uncertainties associated with the groundwater model will be discussed further n the revised CMS/FS

A sensitivity analysis was suggested by DOE previously but could not be accomplished 1n the schedule
provided Both EPA and CDPHE acknowledged this fact and agreed that it would not be presented 1n
the draft final CMS/FS A sensitivity analysis will be mitiated for the OU 1 CMS/FS and will be
incorporated based on schedule constraints

Resolution

As discussed in meetings held on December 8 and December 14 1994 between DOE EPA and CDPHE
the resolution to this comment is as stated in the response above

Comment §
Given the proximty of OU1 to Woman Creek one of the primary functions of any remediation that

occurs at OU1 should be to protect Woman Creek and the associated ecological receptors Therefore
protecting ecological receptors associated with Woman Creek must be an RAO for OU1

Response

This 1ssue will be discussed further through a special work group designated by DOE and the regulatory
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agencies to resolve specific comments However this exposure route was not included in the RFI/RI
report or the BRA and 1t 1s unclear why the EPA 1s raising the issue at this time

Resolution

As discussed in meetings held on December 8 and December 14 1994 between DOE EPA and CDPHE

this comment will be resolved by including additional detail in the short term effectiveness evaluation of
each alternative concerning impacts to Woman Creek and other environmental receptors In addition

an RAO will be added to include protection of ecological receptors in Woman Creek

Comment 6

It 1s uncertain whether Woman Creek and the associated ecological receptors will be protected under the
proposed remedial alternative Throughout the FS the text states that maximum contamunant levels
(MCLs) need to be met only at Woman Creek to be protective It 1s not clear whether MCLs will protect
ecological receptors associated with Woman creek The FS must be revised to illustrate how Woman
Creek ecological receptors will be protected from OU1 contamination

Response
See response to General Comment #5
Resolution

See resolution to General Comment #5

Comment 7

More detailed discussion about the proposed monitoring plan must be added to the FS particularly since
monitoring 1s one of the primary features of the preferred alternative and 1s common to all alternatives
The alternatives that would suspend french drain operations but leave 1t in place (Alternatives 0 and 1)
mmply that momitoring will continue and that the french dramn will be reactivated only 1f monitoring
results exceed predicted values The only locations for which predicted values are given in Appendix B
are both down gradient of the french drain  The text does not specify which monitoring wells correspond
to these locations Regardless by the time concentrations begin to exceed predicted values down gradient
of the french drain 1t may be too late for the french drain to be effective If a contamination front 1s
detected below the french drain it 1s probable that the contaminants have already spread throughout the
length of the french drain Monitoring wells that will be used to trigger remedial decisions should be
located above the portion of the french dran that intersects the expected contaminant flow path
Currently the closest well reported to have 9 500 micrograms per liter (ug/L) of trichloroethene (TCE)
2 600 pg/L of carbon tetrachloride and 590 pg/L of tetrachloroethane (PCE) from a sample collected
in late 1992  On the basis of these results french drain operation should not be discontinued under any
of the alternatives If future wells are planned for the area above the french drain investigative methods
should be used that will optimize the well location with respect to bedrock topography and the
contaminant plume
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Response

The location of monitoring wells 1s typically not a component of the CMS/FS as 1t does not affect
alternative development or the detailed analysis of alternatives This information 1s usually included
the PRAP/PP CAD/ROD or m a post closure monitoring plan More information regarding the
monitoring plan will be incorporated into the CMS/FS report at the agency s request although DOE
disagrees that the information 1s relevant to the remedy selection process Note that both regulatory
agencies will have mnput to the momtoring plan through any of the documents mentioned above

Resolution

As discussed 1n meetings held on December 8 and December 14 1994 between DOE EPA and CDPHE
the resolution to this comment 1s as stated in the response above

Comment 8

There 1s no mention 1n this document of the buried gas transmission line that crosses OU1 1n an east west
direction between 119 1 and the French Drain The existence of this feature could certainly impact some
of the alternatives discussed in this document Additionally since this line lies in the path of the
mugrating contaminated groundwater an evaluation of how it mught be affecting mugration 1s needed

Response

It 1s unclear how this comment could impact the remedial action alternatives presented in the CMS/FS
report The line 1s a utility feature which will undoubtedly be reviewed during detailed design The
purpose of the CMS/FS report 1s to evaluate conceptual approaches to remediation of OU 1 Details such
as the transmission line do not impact the analysis especially in the case where the line 1s not n the
immediate vicinity of the treatment zone as 1s the case here In addition evaluation of the transmission
line as a potential route for contaminant migration 1s not within the scope or purpose of the CMS/FS
report This issue should have been raised during the preparation of the RFI/RI report 1f EPA felt that
it warranted significant attention

Resolution

As discussed 1n meetings held on December 8 and December 14 1994 between DOE EPA and CDPHE
this comment will be resolved by including a reference to the gas transmission line wherever alternatives
are presented that could potentially be impacted by the presence of the line

Comment 9

This report fails to make use of all available and pertinent data and this 1s especially critical in the
ground water modeling that was performed Apparently only analytical data from 1990 through mid 1992
was used 1n the modeling even though data from 1987 to the present 1s readily available for this purpose

Nor were the soil gas survey results from December 1993 mentioned or presented although a much older
(pre 1987) soil gas survey was cited a few times 1n the text What happened to the cores and associated
data that were proposed 1n the QU1 Treatability Study Work Plan Soil Flushing Biotreatment and Radio
Frequency Heating September 1992? That work plan was designed for the purpose of collecting site
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specific data to be used 1n evaluating alternatives for the OU1 CMS/FS and any data that was collected
must be presented 1n this report

Response

DOE believes 1t 1s appropriate to use the data set considered in the RFI/RI report for the groundwater
model constructed for the OU 1 CMS/FS Groundwater monitoring data for the hillside 1s available to
the present date and will continue to be available in the future However the groundwater model must
consider a data set that 1s static and cannot be updated continuously based on current momtoring
programs The data set selected for the model is the most appropriate data set to use given its use in the
RFI/RI report to which results of the model are being compared Remedy selection 1s based on the
results of the CMS/FS report which 1n turn is based on the results of the RFI/RI report However at
the request of both agencies the groundwater model has been revised to include data through 1994 It
1s assumed that this data will be sufficient to satisfy this comment

Note that the intent of the treatability study work plan was not to gather soil characterization data Rather
the intent of the study was to gather soil samples for testing of various treatment technologies

Unfortunately soil samples recovered contained few if any detectable concentrations of contaminants even
though they were taken from the most probable contaminant regions at IHSS 119 1 Data from the tests
themselves were supposed to be used for evaluating alternatives Since the tests were not performed due
to the unavailability of contaminated soils the data are not available to include in the CMS/FS report

The CMS/FS report will be revised to reference both soil gas surveys The data was used indirectly in
the CMS/FS during conceptualization of remedial action alternatives The text will be revised to include
this information

Resolution

As discussed 1n meetings held on December 8 and December 14 1994 between DOE EPA and CDPHE
the resolution to this comment 1s as stated in the response above
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Response to CDPHE General Comments on August 1994
Draft Final Corrective Measures Study/Feasibility Study (CMS/FS)
881 Hullside Area (Operable Umt 1)

Rocky Flats Environmental Technology Site

General Comments

Comment 1

General Lack of Response to Division Comments The Division finds that the DOE has 1n general failed
to adequately respond to or resolve the vast majority of our comments and concerns 1n this draft CMS/FS
report These concerns were discussed with DOE staff in several meetings and are documented in the
D1vision s comments to TM 10 and TM 11 The DOE s failure to resolve these comments has resulted
in the submuttal of an incomplete and inadequate draft CMS/FS

Response

DOE has made every effort to adequately respond to comments received from both EPA and CDPHE

Many of the concerns listed 1n the State s comments on the OU 1 CMS/FS have not been raised during
the various working meetings held between DOE EPA and the State since January of this year Issues
such as classification of IHSS 130 as a mixed waste landfill significantly impact the content of the OU 1
CMS/FS and should have been discussed during the 1dentification of preliminary remediation goals and
remedial action alternatives Additionally technical mput from both agencies received during working
meetings has not been representative of written comments received after review of both TMs and the
CMS/FS report For example the State has commented heavily on the conceptual approach and
parameters used to develop the OU 1 groundwater model This information was presented to both
agencies through several meetings beginning in June of this year and continuing through July Both
agencies were mvolved in reviewing the model as it was developed and at no time did erther agency
indicate a concern over the conceptual approach applied DOE 1s disappointed that the State has criticized
DOE s approach to the consultive process while continuing to limit the value of such meetings These
disparities have hindered proper resolution of outstanding issues 1ssues which often times are not
discussed early in the process due to the State s consistent submittal of comments on OU 1 documents
much later than EPA comments

Resolution

During the December 8 meeting between DOE EPA and CDPHE 1t was decided that regular meetings
will be held to resolve outstanding 1ssues on the OU 1 CMS/FS report These meetings will be
instrumental 1n achieving a common forum through which all parties can come to agreement on specific
items Resolution will be documented herein and incorporated into the revised CMS/FS report

OU 1 CMS/FS Report
Comm nt R pons Docum nt
February 1995 1




Comment 2

Role of the State and RCRA Correction Action in Remedy Selection -- This Draft CMS/FS 1s entirely
focused on CERCLA and the CERCLA process No attempt has been made to meet the State s
RCRA/CHWA requirements Under the IAG the State will make a Corrective Action Deciston under
RCRA/CHWA and the EPA will make a Remedial Action Decision under CERCLA The CMS/FS must
be adequate to support both Agencies decisions The IAG specifically requires that Feasibiity Studies
/ Corrective Measures Studies comply with the requirements of CERCLA RCRA CHWA and pertinent
guidance and policy [paragraph 152] The Division has stated on many occasions both formally and
informally that the CERCLA process 1s only a template and some modifications to the process will be
necessary to meet RCRA/CHWA CMS requirements The DOE has repeatedly 1gnored these Division
concerns

In this draft CMS/FS report the DOE s position continues to be that consistency with CERCLA RUFS
guidance takes precedence over meeting RCRA/CHWA CMS needs and requirements The DOE s
failure to address this 1ssue has resulted in the submuttal of a deficient CMS/FS document that does not
meet the State s needs 1n making a corrective action decision for all IHSSs mn OU 1 The DOE must fully
recognize and meet all RCRA/CHWA requirements 1n the Final CMS/FS and where necessary deviate
from CERCLA FS guidance to meet such requirements Consistency with CERCLA guidance 1s not
sufficient justification for ignoring the Division s concerns and comments

Response

DOE disagrees with the State s comment that the draft final CMS/FS report 1s focused solely on
CERCLA and the CERCLA process Comments further state that no attempt has been made to meet the
State s RCRA/CHWA requirements CERCLA evaluation criteria duplicate RCRA evaluation criteria
and 1include additional criteria which address commumity and state acceptance  The State has
acknowledged that Section 4 0 of the report was not reviewed This section represents the core of the
CMS/FS and contains a detailed evaluation of both RCRA and CERCLA criteria DOE requests that the
State specify what requirements are not being met under RCRA/CHWA since the detailed analysis of
alternatives includes discussions on RCRA standards evaluation criteria and source control measures

Additional information regarding specific deficiencies 1s requested prior to responding to this comment

For information purposes the following table lists the evaluation criteria considered under both CERCLA
and RCRA guidance
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National Contingency Plan,
Evaluation Criteria
40 CFR 300 430 (e) (9) ()

RCRA Corrective Action Plan Guidance
Evaluation Criteria
OSWER Directive 9902 3 2A (May 1994)

Overall protection of human health and the
environment

Protect human health and the environment

Control the sources of releases?

Compliance with ARARs

Comply with any applicable standards for
management of wastes

Attain media cleanup standards set by the
implementing agency

Long term effectiveness and permanence

Long term reliability and effectiveness

Reduction of toxicity mobility or volume
through treatment

Reduction 1n the toxicity mobuility or volume
of wastes

Short term effectiveness

Short term effectiveness

Implementability

Implementability

Cost

Cost

State acceptance

Community acceptance

Thus cntenon 1s addressed under the National Contingency Plan threshold critena for Overall Protection of Human
Health and the Environment Thus cnterion 1s also directly related to the Long Term Effectiveness and Permanence
criteria

Resolution

During the December 8 meeting 1t was made clear that the State felt that the OU 1 CMS/FS report did
not adequately address the RCRA CAP criteria 1n the detailed analysis of alternatives (DAA) The State
suggested a separate working session to review the DAA and to provide input into the presentation of
Section 4 0 of the CMS/FS DOE agrees that this approach will resolve this comment and agrees to
provide more information n the report on the RCRA CAP process and how 1t 1s integrated with the
CERCLA process Summary tables 1n Section 4 0 of the report will be revised to include specific CAP
criteria where the criteria differ from those evaluated under CERCLA  For example source control
measures will be specifically discussed in the DAA to address this CAP criterion
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Comment 3

DOE Inappropriate Proposal for a CAMU  The DOE has proposed as part of all remedial alternatives
for OU 1 that the Division designate the 881 Hillside at RFETS as a corrective action management unit
(CAMU) The DOE s sole intention 1n proposing this designation appears to be avoiding the active clean

up of the hillside The Division 1s bewildered by the DOE s apparent lack of understanding of the intent
and substance of the CAMU regulations The intent of CAMU 1s to facilitate an effective and efficient
remedy not to avoid the need for active corrective action The Division finds the application of CAMU
proposed by the DOE 1n this document to be inconsistent with the intent of the CAMU regulations and
both the substantive and administrative requirements of CAMU

The Division 1s extremely disappointed that we were not consulted on this proposal or notified of the
DOE s intention to apply CAMU at OU 1 prior to the submittal of this CMS/FS report Based on our
evaluation of all information available under OU 1 the Division finds no basis for designating OU 1 a
CAMU If the DOE can provide sufficient information supporting the appropriateness of a CAMU at
OU 1 this information must be discussed and a CAMU designation agreed to by the Agencies prior to
its inclusion 1n the Final CMS/FS

Response

DOE has proposed use of the Subpart S hazardous waste requirements as a posstble means of achieving

an effective and efficient remedy for OU 1 The information on the Corrective Action Management
Unit (CAMU) rule that DOE has access to 1s the Commussion s proceedings on adopting the rule and the
rule 1tself (6 CCR 1007 3 264 552) The CAMU approach to OU 1 was proposed i this draft final
CMS/FS for review and discussion with the State as 1s required under the CAMU rule If the State does
not agree that the CMS/FS report 1s the proper forum for discussing the CAMU concept at OU 1 then
DOE requests that the State suggest an appropriate forum for this discussion within the confines of the
IAG

Resolution

During the meetings held on December 8 and December 14 1994 between DOE EPA and CDPHE 1t
was agreed that the CAMU language will be removed from the CMS/FS report CDPHE agreed that an
IHSS by IHSS evaluation 1s not required for alternative development as long as each source area and
IHSS 15 1dentified 1n the OU 1 CMS/FS and dispositioned i terms of remedial actions The CAMU
concept was proposed to retain an OU wide approach to alternative analysis at OU 1 Based on the
State s revised position on the IHSS by IHSS evaluation issue the CAMU language will be removed
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Comment 4

Information Necessary to Support a Corrective Action Deciston -- This comment was originally made to
TM 11 and has not been resolved to the Division s satisfaction in the Draft CMS/FS The draft CMS/FS
does not contain sufficient information to support a CAD for all of the [HSSs in OU 1 The Division
will not consider the Final CMS/FS to be complete until all IHSSs and/or source areas in OU 1 are
sufficiently addressed This draft CMS/FS only addresses contaminatton at IHSS 119 1 at a mmmmum
the group of IHSSs south of Building 881 IHSS 130 and IHSS 119 2 must also be evaluated

This concern was raised in the Division s comments to the draft TM 11 and clarified in a meeting with
DOE and EG&G staff The DOE formally responded to this concern on September 30 1994 almost a
month after releasing the draft CMS/FS The Division finds the DOE response to this comment
mappropriate 1naccurate and inconsistent with both the IAG and the risk screening approach that all
parties agreed to

The evaluation of each IHSS 1s consistent with the CERCLA process and has been recognized by the EPA
as necessary and appropriate for all OUs at RFETS Regardless of CERCLA guidance the Division
requires the CMS/FS contain sufficient information to fully support a corrective action decision by the
Division under RCRA/CHWA for each IHSS and/or source area in OU 1

The DOE disagreement with the Division s application of the risk screening approach 1s concerning  This
screening methodology was agreed to by all parties including the DOE

The development of remedial action alternatives must start at the IHSS and/or source level Corrective
measures must be selected for each IHSS and/or source area that are fully protective and meet all
appropriate RAOs and PRGs The number and range of alternatives evaluated for each THSS and/or
source area may be limited by the scope and complexity of contamination and availability of treatment
options Alternatives selected for each IHSS should then be combined to form a range of remedial action
alternatives for the operable umt When appropnate IHSSs with simlar effective alternatives can be
combined to achieve economies of scale Alternatives developed at the operable unit level must provide
the range of alternatives prescribed in EPA guidance

The Division recognizes that 1t may not be efficient to address all contamination strictly through THSSs
In some 1nstances it may be more efficient to address an area of contamination as a source area

independent of the IHSSs This does not mean that each THSS does not need to be addressed

The DOE statement 1in response to this comment under TM 11 that the groundwater contamination at
the eastern edge of the operable unit has not been definitively tied to any one IHSS 1s correct but totally
misleading  As reported in the OU 1 RFI/RI Report this contamination was 1n fact attributed by the
DOE to multiple IHSSs although not definitively  To defimitively tie the contamination on the eastern
edge of OU 1 to IHSS 119 2 and/or the 903 Pad would require additional largely unnecessary
characterization field work Regardless of the source of contamination near IHSS 119 2 1t must be
addressed n the OU 1 CMS/FS

Response

The meetings referenced 1n this comment were held during the preparation of the OU 1 CMS/FS report
Both regulatory agencies have repeatedly denied DOE s informal requests to extend the schedule for
preparation of the CMS/FS report Many of the comments recetved on the OU 1 CMS/FS are based on
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unresolved issues from the OU 1 RFI/RI report The State must recognize that many of these 1ssues
impact the CMS/FS directly and therefore impact its schedule Because both agencies have repeatedly
nsisted that the CMS/FS report be produced prior to resolution of these 1ssues agreements made between
the agencies and DOE may not be represented in the draft final CMS/FS

In addition as stated in the response to comments received on TM 11 DOE does not agree that
individual THSSs should be examined for remedial action alternatives The IAG states that the CERCLA
RI/FS guidance should be used as the template for conducting OU CMS/FSs The IAG also establishes
the OU concept and recognizes the need for evaluating remedial actions at the OU level The OU concept
1s particularly suited to the circumstances of OU 1 where unspecified sources of groundwater
contamination have resulted in OU wide contamination at various levels The OU 1 RFI/RI document
also does not support an [HSS by IHSS evaluation If the State feels that IHSSs should be evaluated
individually for overall protection to human health and the environment then the State should mmtiate
these evaluations through the RFI/RI process and not the CMS/FS process The BRA results must at
some point be used by the State to determine 1f further action 1s warranted at a site or in this case at
an [HSS It 1s mnappropriate for the State to request that the CMS/FS be used as a vehicle to 1dentify no
action decisions prior to conducting a detailed analysis

DOE requests that the State provide additional guidance on the value of evaluating each IHSS and source
area independently 1n the OU 1 CMS/FS report As the last paragraph of this comment suggests the
contamination near IHSS 119 1 must be addressed regardless of its source DOE does not believe that
the groundwater medium beneath OU 1 which represents the highest potential risk to viable receptors
can be evaluated on the basis of individual IHSSs DOE has proposed alternatives that remediate both
the most contaminated areas of OU 1 groundwater as well as the OU as a whole These alternatives
adequately represent potential remedial action strategies at this OU To address this comment the revised
CMS/FS will contain additional information regarding each IHSSs status in terms of each alternative

Resolution

During the December 8 meeting the State voiced the concern that the public may not be able to follow
the decision process 1f individual IHSSs are not specifically discussed in the OU 1 CMS/FS report DOE
suggested that THSSs be discussed early 1n the report to 1dentify specific source areas These source areas
will then be addressed separately and evaluated for remedial action The discussion on IHSSs and how
they are addressed by the source area approach will be included in future documents (such as the
Proposed Remedial Action Plan/Proposed Plan) as well The State concluded that individual alternative
analyses are not required for each THSS as long as each IHSS 1s included 1n the mitial discussion of
source areas Also see resolution to General Comment #4
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Comment 5

RCRA/CHWA Cnriteria for the Evaluation of Final Corrective Measure Alternatives ~ The Division will

use the RCRA corrective action evaluation criteria presented in the latest version of the RCRA Corrective
Action Plan (OSWER Directive 9902 3 2A May 1994) a guidance document produced by EPA for
implementation of RCRA corrective action as guidance in evaluating remedial action alternatives These
standards reflect the major technical components of remedies including cleanup of releases source control
and management of wastes that are generated by remedial activities

The specific standards as set out in the RCRA CAP guidance include 1) protect human health and the
environment 2) Attain media cleanup standards set by the implementing agency 3) Control the source
of release so as to reduce or eluninate to the extent practicable further releases that may pose a threat
to human health and the environment 4) Comply with any applicable standards for management of
wastes 5) Other factors Other factors include five general factors that will be considered as appropriate
by the Division in selecting a remedy that meets the four standards above The five general factors
include a Long term reliability and effectiveness b Reduction 1n the toxicity mobulity or volume of
waste ¢ Short term effectiveness d implementability and e Cost

RCRA/CHWA corrective action remedies must meet the above lhisted standards Therefore the Final
CMS/FS must provide detailed documentation of how the potential remedy will comply with each of the
Five RCRA CAP standards

Response

DOE believes that the five criteria of EPA s RCRA Corrective Action Plan (OSWER Directive 9902 3

2A pp 63 67) and the nine criteria of the National Contingency Plan (NCP) in 40 CFR 300 430(e)(%)
are essentially identical (see Table in response to General Comment #2) It 1s DOE s understanding that
EPA has strived over the last seven years to provide guidance that can be consistently implemented at
various sites with the same contaminants under the two sets of regulations The overall objective of the
two acts 1s the same 1n situations of contaminant releases and agency selection of remedies  Specific
differences would seem to pownt to additional criteria in the NCP regulations such as commumty
acceptance It 1s emphasized that the RCRA Corrective Action Plan 1s a guidance as 1s the CERCLA
RI/FS guidance

The State asserts that RCRA/CHWA corrective action remedies must meet the listed standards and
suggests that the CMS/FS provide detailed documentation of how the potential remedy will comply with
each of the standards It 1s DOE s position that 1n fact the referenced standards are not standards but
evaluation criterta These criteria are evaluated in the detailed analysis of alternatives presented in
Section 4 0 of the CMS/FS report Until the State has reviewed this section of the document 1t 1s
inappropriate to assume that the RCRA CAP evaluation criteria are not included

Resolution See Resolution to General Comment #2
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Comment 6

Effectiveness of Remedial Action/Corrective Action to Protect the Environment — This comment was
origmnally made to TM 11 and has not been resolved to the Division s satisfaction in the Draft CMS/FS

The general assumption that remedial actions at OU 1 that are protective of human health will adequately
protect ecological receptors and environmental resources at OU 1 1s not appropriate m the CMS/FS
report The effectiveness of each alternative to protect the environment must be evaluated The DOE
response to this comment under TM 11 that 1t 1s not necessary to consider environmental protectiveness
in the OU 1 CMS/FS because the OU 1 BRA EE did not identify any significant hazards to ecological
receptors 1S not an acceptable response

The BRA EE finds that many of the contaminants evaluated in the BRA EE are toxic to ecological
receptors at concentrations found at OU 1 but that because of the limited extent of contamination no
adverse ecological impacts occur The assumption that contamination 1s limited and no adverse ecological
impacts will occur 1s not valid under all of the OU 1 CMS/FS remedial alternatives specifically those
alternatives which allow contamination to continue to mugrate uncontrolled could mvalidate this
assumption The effectiveness of all remedial alternatives to protect the environment must be fully
addressed in the Final CMS/FS

Response

The assumption that remedial actions at OU 1 that are protective of human health will be protective of
ecological receptors 15 based on the results of the OU 1 RFI/RI report The results of the which indicate
that there 15 no current or_future significant risk to these receptors The effectiveness of each alternative
to protect the environment 1S evaluated in the detailed analysis of alternatives (Section 4 0) This section
was not reviewed by the State and therefore the comment that this evaluation was not conducted may be
premature

The State concludes that  the assumption that contamination 1s limited and no adverse ecological
impacts will occur 18 not valid under all of the QU 1 CMS/FS remedial alternatives due to the
potential for contaminant migration This assumption 1s based on the RFI/RI surface so1l evaluation and
1s not related to groundwater contamination which 1s the focus of the CMS/FS report The groundwater
medium was not 1dentified as a potential source of future risk to ecological receptors and therefore the
assumption 1s valid unless the State has 1dentified future risks to ecological receptors from groundwater
contaminants that are not 1dentified in the OU 1 RFI/RI report

Resolution

During the meetings held on December 8 and December 14 1994 between DOE EPA and CDPHE 1t
was agreed that the resolution to this comment will be present a more thorough analysis of short term
mmpacts to the environment under the Detailed Analysis criterion of Short Term Effectiveness
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Comment 7

Incomplete and Inaccurate Identification of ARARs The Division has commented on several occasions
regarding spectfic deficiencies 1n the 1dentification of ARARs for QU 1 The Division has expressed
major concerns with the DOE s identification and determination of ARARs under TM 10 The majority
of the Division s comments and concerns regarding ARARs have not been adequately addressed and
remain unresolved in this draft CMS/FS In comments to TM 11 the Division deferred ARARs
comments 1n hope that several outstanding 1ssues could be resolved through the ARARs Working Group
Unfortunately the DOE has chosen to proceed at an extremely slow pace under the ARARs working
group and the group has yet to entertain substantive ARARs discussions

The Division s general comments on specific potential ARARs are presented below Additional ARARs
comments are also included 1n the Division s specific comments All ARARs 1ssues must be resolved
in the Final CMS/FS before the Division will consider the document to be complete

a) State Groundwater Standards The DOE has failed to present any valid argument to support its
claim that the State groundwater standards are not ARARs This document states that
groundwater standards are not addressed ARARs because the classifications requiring those
standards have not been applied consistently throughout the State and thus fail the NCP criteria
of general applicability 1n 40 CFR 300 400 (g) (4) This argument much like the last two
arguments against the application of State groundwater standards as ARARs 1s simply incorrect
Contrary to this argument the phrase general applicability has nothing to do with whether or
not standards have been applied consistently The preamble to the NCP explams that of general
applicability means that potential State ARARs must be applicable to all remedial situations
described in the requirement not just CERCLA sites Consistent with the preamble s
explanation State groundwater standards are applicable to all situations not just CERCLA sites
and therefore are of general applicability Moreover no classifications exist for organics
rather the standards for organics apply statewide regardless of classification Therefore the
claim that the classifications requiring those standards have not been applied consistently makes
no sense

b) RCRA/CHWA Subpart F Groundwater Protecion = RCRA/CHWA groundwater protection
standards were identified in the Division s comments to TM 10 as potential chemical specific
ARARs They have not been included in the draft CMS/FS These standards must be 1dentified
as potential ARARs 1n the Final CMS/FS

c) Doctrine of Sovereign Immunity The DOE 1n response to Division and EPA comments on
sovereign immunity has stated that it has removed such language from the text of the CMS/FS
but that questions regarding sovereign immunity may still be discussed during ARARs working
group meetings The Division and EPA positions on sovereign immunity appear to be clearly
presented however if the DOE has any remaining questions at OU 1 they must be raised under
this CMS/FS Report

d) Surface Water Standards  State surface water standards were identified in the Division s
comments to TM 10 as potential chemical specific ARARs They have not been included in the
draft CMS/FS These standards must be 1dentified as potential ARARs in the Final CMS/FS
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e)

Closure of French Drain  The requirements for the final closure of the french drain must be
identified as ARARs and included in the detailed analysis of alternatives

Radioactive, Hazardous and Mixed Waste Landfill Requirements — The Division considers THSS

130 to be a mixed hazardous waste landfill which must be closed in accordance with all
applicable landfill regulatory requirements Therefore the DOE must identify all ARARs and
TBC associated with landfills in this CMS/FS This determination 1s based on the documented
disposal of radioactive waste in the IHSS the known or suspected disposal of hazardous waste
debris associated with the OPWL in the IHSS and the detection of hazardous waste constituents
in groundwater monitoring wells directly downgradient of the IHSS This landfill 1s located on
an unstable hillside 1s not capped and has no controls 1n place to prevent future release or
exposure to hazardous constituents or radionuclides Regardless of the current risk associated
with IHSS 130 the DOE must meet all appropriate regulatory criteria for landfills The DOE
must 1dentify all ARARs relevant to solid radioactive hazardous and mixed waste landfills

Response

DOE disagrees with the statement that the 1dentification of ARARs 1n the OU 1 CMS/FS 1s incomplete

The State may disagree with the selection of ARARs however the identification of ARARs 1n the
CMS/FS and in TMs 10 and 11 was performed according to guidance and regulations (40 CFR
300 430()(9) (@)(3) (e)(2) and (e)(9) During the review of TM 11 the State emphasized that action

specific ARARs were being reviewed and comments would follow shortly These comments were never
recetved and therefore State comments were not available prior to preparation of the CMS/FS report

The following responses are applicable to other portions of this comment

a

DOE has carefully reviewed the State s position and the regulations concerning the State s Basic
Standards for Ground Water (5 CCR 1002 8 3 11 5) DOE has determuned that the State s basic
standards are potential ARARs for all contaminants except radionuclides ~ The CMS/FS will
be revised to reflect this potential ARAR at OU 1

The RCRA groundwater protection standards (6 CCR 1007 3 264 Subpart F) were briefly
mentioned 1n the detailed analysis of alternatives in the CMS/FS The CMS/FS will be revised
to clarify that the RCRA groundwater protection standards are potential chemical specific ARARs
and that the process of establishing groundwater protection standards at the point of complhiance
1s part of the selection of a protective remedy under RCRA and CERCLA The RCRA
groundwater protection standards are maximum contaminant levels background levels or
alternate concentration levels as approved by the Director (6 CCR 1007 3 264 94) It 1s noted
that MCLs were used in the CMS/FS as the potential chemical specific ARARs and thus used to
identify PRGs

This comment 1s noted DOE believes that the proper forum for further discussion of sovereign
immunity 1s the ARARs working group

Although the State 1dentified the Colorado surface water quality standards as potential chemical
specific ARARs earlier 1n the CMS/FS process surface water has not been one of the media
investigated at OU | The RFI/RI identifies so1l and groundwater as the media of concern within
the boundaries of OU 1 Information presented in the RFI/RI on the water quality of Woman
Creek and the South Interceptor Ditch 1s from OU 5 and other locations
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e Clarification of this comment 1s required tn order to respond to the comment The french drain
collects ground water and to our knowledge is not a waste umt DOE 1s unfamiliar with specific
requirements applicable to closure of a french drain DOE requests that the State provide
specific references to support the comment

f The 1dentification of IHSS 130 as a mixed waste landfill 1s the first comment from the State on
this subject since the initial preparation of the CMS/FS report The RFI/RI report did not
identify this 1ssue and the comment was never raised by the State DOE requests that the State
specify 1its requirements for determining what areas are considered mixed waste landfills at the
RFETS and what regulatory basis 1s being used for these designations

Resolution

This comment 1s being resolved through the ARARs working group Comments a b and d are
resolved as stated 1n the responses above however Comments e and f could not be subtantiated by
the Division 1n terms of providing regulatory justification for the comments Closure requirements or
performance standards are not available for the French Drain Likewise the Division could not justify
the position that THSS 130 1s a mixed waste landfill The CMS/FS report will be revised as appropriate
to clanfy the text
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Comment 8

Point of Comphiance with Preliminary Remediation Goals The DOE has incorrectly determined Women
Creek as the pomnt of compliance for protectiveness and ARARs requirements at OU 1  State
groundwater standards are applicable to all groundwater m OU 1  The point of compliance for
groundwater PRGs at OU 1 1s therefore anywhere that groundwater 1s present at OU 1 That 1s they
both must be met The correct point of compliance must be mcorporated into this report and utilized 1n
the development and screening of alternatives Once a remedy 1s selected a new point of compliance
for remedy effectiveness will be chosen and specifically delineated

Response

Woman Creek has not been selected as a point of compliance 1n the draft final CMS/FS report DOE s
position on this 1ssue 1s that the point of complance should be discussed 1n working meetings with the
agencies The meetings held in July 1994 with representatives from both agencies concerned
groundwater monitoring and covered the subject of point of compliance These discussions were focused
on the RCRA requirements found in 6 CCR 1003 7 264 95 and the State s groundwater regulations in
SCCR 10028 3116 The RCRA requirements specify the following

The point of complhiance 1s a vertical surface located at the hydraulically downgradient Iimit of
the waste management area that extends down 1nto the uppermost aquifer underlying the regulated
unit where the waste management area 1s

the limit projected 1n the horizontal plane of the area on which waste will be placed
during the active life of a regulated umit

and includes horizontal space taken up by any liner dike or other barrier designed to
contain waste in a regulated unit or

if the facility contains more than one regulated umit the waste management area 1s
described by an imaginary line circumscribing the several regulated units

Whereas the State s requirements specify that for contamination identified and reported on or
before September 30 1992 the point of compliance for the statewide standards shall be at
whichever of the following locations 1s closest to the contamination source

the site boundary or

the hydrologically downgradient limit of the area 1n which contamination exists when
identified

The State s comment defining the point of comphiance as  anywhere that groundwater 1s present at OU
1 appears to be inconsistent with both sets of regulations DOE requests clarification as to the basis
for the State s assertion that the point of compliance has no relation to site boundaries and that the pomnt
of compliance should be arbitrarily set in the CMS/FS only to be revised once a remedy 1s selected

Resolution

Resolution to this comment 1s pending separate discussions concerning point of compliance 1ssues
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Comment 9

Selection of Preliminary Remediation Goals The DOE has selected State MCLs as PRGs for OU 1 n
this draft CMS/FS While the division considers State and Federal MCLs to be potential ARARs for OU
1 the Division does not find that State MCLs are necessarily the appropriate PRGs for all contaminants
for either IHSS 119 1 or the OU  Sufficient documentation supporting how and why the DOE selected
State MCLs as PRGs for OU 1 1s not included in the CMS/FS Report The rationale for selecting State
MCLs over risk based PRGs or other ARARSs 1s not included in the draft CMS/FS PRGs should be the
lower of chemical specific ARARs or risk based PRGs that exceed background and appropriate PQLs
Compliance with ARARSs and protection of human health and the environment are two distinct CERCLA
requirements for remedies PRG selection must be correctly implemented and fully documented 1n the
Final CMS/FS

Response

PRGs were established by following the NCP (40 CFR 300 430 (e)(2)(1)) and RCRA CAP guidelines
(pgs 49 and 50) DOE does not agree that groundwater PRGs should be set at the lowest possible value
available regardless of the practicality of remediating to this value This 1s particularly true 1n the case
of OU 1 where groundwater 1s marginally available and does not present a realistic source of usable
drinking water This comment will be addressed further under the forum of the ARARs working group
Justification for selection of State MCLs was provided during the working meetings held between DOE
EPA and the State in January of this year and 1s included in TM 10 At the request of both agencies
much of the material presented in the TMs was not included in the OU 1 CMS/FS to Iimit duplication
of material If this approach 1s no longer desired by the agencies then DOE will include the material
from both TMs 1n the revised CMS/FS report

Resolution

During the meeting held on December 14 1994 between DOE EPA and CDPHE 1t was agreed that State
groundwater standards will be 1dentified as potential chemical specific ARARs for OU 1 Groundwater
PRGs will therefore be based on these standards Risk based PRGs will not be presented in the final
CMS/FS report It 1s assumed that State groundwater standards are considered protective by the State
and therefore risk based PRGs are not required for groundwater This 1s consistent with the NCP that
specifies that chemical specific ARARs are generally appropriate when available Risk based values are
typically only necessary when chemical specific ARARs are not available or are otherwise not sufficient
to protect human health and the environment
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Comment 10

Development of Preliminary Remediation Goals The Division does not find that the PRGs developed
in section 2 3 of this draft CMS/FS adequately address all of the RAOs presented in Section 2 2 or the
additional RAOs required 1n the Division s specific comments The State MCLs selected by the DOE
as PRGs for groundwater fail to meet the groundwater RAO as 1dentified in this draft CMS/FS report

No PRGs have been developed to ensure protection of groundwater from degradation by subsurface soil
contamination under the subsurface soil RAO PRGs must be developed that ensure all RAOs are
obtained at OU 1 This includes the complete and accurate 1dentification of all chemical specific ARARs

Response

DOE requests clarification of this comment Specifically the comment states that State MCLs fail to
meet the groundwater RAO listed in the draft final CMS/FS report then goes on to state that no PRGs
have been developed to ensure that protection of groundwater from degradation by subsurface soil
contamination under the subsurface soit RAO DOE requests clarification as to which RAOs the State
1s referring to 1n regard to the MCLs MCLs are presented as PRGs for groundwater and are not
intended to target the subsurface soil medium

In addition subsurface soil PRGs cannot be established unless there exists a clear source of subsurface
so1l contamination to groundwater Repeated efforts to obtain samples from the IHSS 119 1 area that
contain possible contaminant sources have indicated that there are no clear source areas 1dentifiable at
the JHSS and therefore no sources for which PRGs can be established and measurably achieved With
regard to ARARs 1dentification of chemical specific ARARs 1s discussed 1n the responses to General
Comments #7 and #9 and will be addressed through the ARARs working group It 1s 1mportant to note
here that not all RAOs necessarily require quantified PRGs

Resolution

Based on the meeting held on December 8 1994 this comment will be resolved by revising the
subsurface so1l RAO included in the CMS/FS report to state the following  Prevent migration of
contaminants from subsurface soils to groundwater that would result in ground water contamination 1n
excess of groundwater ARARs for OU 1 contaminants
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Comment 11

Risk Based PRG Calculation Methodology = The Division specifically raised several concerns with the
calculation of risk based PRGs 1n comments to TM 10 The DOE has failed to adequately address many
of these comments Many of these 1ssues remain unresolved from the Final Phase Il RFI/RI Report
The Division approved the Revised Final Phase IT1 RFI/RI Report Rocky Flats Plant 881 Hillside OU1
June 1994 contingent upon DOE s revisions on a limited number of 1ssues  These 1ssues cannot sumply
be addressed by discussing them 1n the Phase III RFI/RI report comment response section The Division
has not been convinced by DOE s arguments and expects compliance with our requests

The Division s major 1ssues included an adequate quantitative assessment of external irradiation both
OU wide and at the source a good qualitative assessment of toxicity of PAHs and PCBs and also of those
chemicals for which there are not as yet any EPA toxicity factors calculation of intake values for all
those chemicals for which there are as yet no EPA toxicity factors an assessment of surface soil exposure
to the construction worker receptor and a more objective presentation of the risks As of yet the
Division has not seen any revisions Therefore DOE s contention that absolutely no changes will be
made 1n the PRG documents or methodology because similar methodologies were used in the RI/RFI
document 1s premature The Division 1s particularly concerned by the DOE s refusal to calculate external
exposure to radiation by a future resident This calculation 1s supported both by RAGS (Part B p 395)
and by ICRP 26 and 30

Response

The concerns listed in this comment do not apply to the OU 1 CMS/FS report They are primarily
RFI/RI 1ssues as stated 1n the comment and do not affect alternative development In addition the State
has requested throughout the comment document that the QU 1 CMS/FS report not include any reference
to the surface soll medium DOE seeks clarification as to why the concerns listed 1n this comment are
presented here 1n light of the State s comments regarding this medium Although the State 1s particularly
concerned about external exposure to radiation by a future resident DOE requests clarification of how
this will affect the evaluation of remedial action alternatives for groundwater at OU 1

Resolution

Based on the meeting held on December 8 1994 between DOE EPA and CDPHE this comment 1s not
relevant to the OU 1| CMS/FS report and 1s therefore noted but does not require a revision to the
document
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Comment 12

Failure to Consider ALL Contaminants This comment was raised in the Division s comments to TM
10 and TM 11 It has not been fully addressed by the DOE and remains a deficiency 1n this draft
CMS/FS report

The Division under its corrective action authority will consider all hazardous constituents found at OU 1
in making a corrective action decision Therefore the CMS must include all contaminants and cannot
be limited to only the BRA COCs The BRA COC screen was developed to focus the BRA risk
evaluation on risk drivers This screen does not preclude non COCs from being present at levels above
risk based concern or that need management and monitoring  This 1s evident mn Table S 2 of the draft
CMS/FS where many non COCs are shown to be present at OU 1 at concentrations above risk based
PRGs As stated by the Division in previous comments the Division requires that all contaminants
identified at OU 1 be included and fully evaluated in the OU 1 CMS/FS

Response

The table referenced 1n this comment is unknown In addition DOE requests clarification on the State s
position that all contaminants identified at OU 1 be fully evaluated It 1s unclear in this comment how
acontaminant 1s evaluated The focus of the CMS/FS report 1s to evaluate remedial action alternatives
using specific COCs as indicators to determine the effectiveness of each alternative The CMS/FS report
will be revised to specify that the complete list of contaminants are potential COCs although the
alternative evaluation process will remain unchanged

The revised groundwater model will evaluate all of the organic contaminants identified inthe OU 1 BRA
In addition TCE will be modeled since 1t appears in concentrations similar to other identified BRA
COCs Other contaminants which appear at much lower concentrations in OU 1 will be qualitatively
evaluated 1n the revised CMS/FS report This approach should meet the intent of this comment while
preserving the integrity of the existing groundwater model

Resolution

This comment will be addressed by the revised groundwater model which now includes all of the BRA
organic COCs as well as TCE Other contaminants will be evaluated qualitatively but occur at much
lower concentrations throughout the site and are adequately represented by the modeled COCs
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Comment 13

Subsurface Soils Preliminary Remediation Goals The DOE has repeatedly failed to respond to the

Division s concerns that subsurface soil contamination 1s not being adequately addressed in the CMS/FS

The DOE continues to claim that subsurface soils were found not to present unacceptable risk in the BRA

and thus do not require consideration This 1s not correct subsurface soils were indirectly evaluated 1n
the BRA through groundwater pathways many of which were found to present elevated risks

Regardless of the BRA hazardous constituents are present in the subsurface soils within OU 1 and must
be evaluated 1n the RCRA/CHWA Corrective Measures Study and subsequent Corrective Action
Decision Therefore subsurface soils must be considered along with groundwater 1n developing RAOs
and PRGs RAOs and PRGs for subsurface soils must be based on risk protection of groundwater and
ARARs

Response

DOE requests clarification from the State as to how subsurface soil PRGs can be developed based on risk
protection of groundwater and ARARs when no direct risks have been identified 1n the BRA and
chemical specific ARARSs currently do not exist for this medium The State has repeatedly suggested that
PRGs be developed for subsurface soils without providing guidance as to what 1s being requested

Additionally given the wide variability 1n partitioning values found at QU 1 PRGs cannot be reliably
calculated for subsurface soils based on these values DOE therefore requests that the State clarify
whether 1t 1s asking for PRGs based on ingestion of subsurface soil or on contaminant transport to
groundwater If the latter 1s the primary concern then this 1ssue should have been raised as an RFI/RI
issue It 15 unclear why the State 1s continuing to question RFI/RI issues m this document
mappropriately

Resolution
Based on the meetings held on December 8 and December 14 1994 between DOE EPA and CDPHE

subsurface soll PRGs will not be calculated directly The subsurface soil RAO included 1n the OU 1
CMS/FS report will be revised as discussed in the response to General Comment # 11
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Comment 14

Inadequate Documentation of Remedial Action Alternative Development and Screening Process — The

D1vision does not find the documentation and supporting rationale for the development and screening of
remedial action alternatives as presented in TM 11 and the draft CMS/FS to be adequate The Division
commented on the development and screening of alternatives in several specific comments to TM 11
The DOE has failed to resolve these comments or address the Division s concerns

The DOE has on several instances chosen to cite CERCLA guidance as a rationale for not addressing the
Division s concerns This 1s not adequate All of the Division s comments must be fully resolved to the
Division s satisfaction and integrated into the CMS/FS The CMS/FS must mnclude a thorough
documentation of the remedy development and selection process ncluding appropriate supporting
rationale It 1s not appropriate to reference the DRAFT TM 11 for this documentation

Response

The draft TM 11 document was incorporated by reference in the OU 1 CMS/FS report as agreed to by
DOE EPA and the State during various working meetings At the request of both regulatory agencies
this was done 1n order to limit the duplication of material found in the TMs and the CMS/FS report If
desired the final CMS/FS report will include all of the material originally presented in the TMs although
each document will still be available in the administrative record

CERCLA guidance has been cited where necessary to justify the amount of detail included in the CMS/FS
report and/or to explain how specific concepts are applied in the CMS/FS process DOE has attempted
to satisfactorily address the State s concerns while maintaining the intent of RCRA and CERCLA cleanup
guidelines which specify evaluating various criteria to determine both the feasibility and necessity of
mitiating remedial actions The State s position to date has been that remedial action is warranted at OU
1 regardless of the results of the detailed analysis of alternatives DOE fundamentally disagrees with this
approach and has therefore cited guidance where necessary to maintain an appropriate and accepted
methodology for remedy selection

Resolution

The revised CMS/FS report will not reference the draft TM 11 document The report will provide
information regarding both RCRA and CERCLA remedy selection processes and will mncorporate State
comments as appropriate
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Comment 15

Impacts of Decommussioning of the French Drain - Several of the alternatives presented 1 this
document including the DOE preferred alternative recommend the decommissioning of the french drain
The text 1n several sections discusses decommissioning the french drain by breaching the drain with a
backhoe It does not appear that the decommissioning of the drain was considered in modeling of
contaminant migration down gradient of the drain  Specifically any breach in the dramn would become
a preferential pathway for transport to Women Creek Contaminated groundwater collected in the

decommussioned drain would essentially be discharging directly to Women Creek as surface water
This pathway must be considered 1n modeling the impact of decommissioning the drain

The current modeling assumes that if the french drain were decommissioned contamination would
eventually reach Women Creek via continued migration of the contaminant plume down gradient of the
drain The fate of contaminated groundwater collected within the french drain after decommissioning
must be considered 1n modeling the impact of such alternatives

Additionally the eventual final closure of the french drain raises many issues that have yet to be
considered including potential decontamination methods closure performance standards and potential post

closure care requirements for the drain The Division strongly recommends that the DOE fully consider
these 1ssues 1n evaluating the role of the french drain in remedial alternatives at OU 1

Response

Decommissioning of the drain was not considered in modeling of contaminant migration downgradient
of the drain  As discussed 1n the response to General Comment #1 this 1ssue was not raised during the
various meetings held with both regulatory agencies to discuss the conceptual approach applied to
modeling OU 1 Additionally 1t 1s unclear 1) how decommissioning of the drain would result 1n direct
discharge to surface water and 2) how the State wishes this pathway to be considered in modeling the
mmpact of decommussioning the drain  DOE therefore requests clarification as to what type of modeling
the State 1s suggesting for the french drain

The State s comments regarding decontamination methods for the french drain are likewise unclear DOE
1s unaware of any regulatory provisions for decontaminating this type of unit for closure performance
standards or potential post closure care requirements DOE requests clarification as to what State
requirements are being referenced and how these requirements affect selection of a preferred remedy at
ou 1

Resolution

Resolution of this comment 1s pending information from the State concerming decontamination
requirements closure performance standards and potential post closure care requirements for the drain
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Comment 16

Role of Institutional and Engineering Controls NCP explams that institutional controls shall not
substitute for active response measures as the remedy unless such active measures are determimed not to
be practicable based on the balancing of trade offs among alternatives (300 430 (a) (1) (im)) Clearly
not the case here In any event the use of institutional controls to Itmit exposure at the site does not
alleviate the requirement to meet or waive all ARARs

Response

DOE agrees with the statement on the use of nstitutional controls DOE requests clarification of the
State s position given the State s acknowledgment that 1t has not reviewed the detailed analysis of
alternatives and therefore has not examined the analysis of the RCRA and CERCLA evaluation criteria
(1e trade offs) for each proposed remedial acion DOE also requests that the State specify why
institutional controls are not appropriate for OU 1 DOE agrees that the use of institutional controls do
not alleviate the requirement to meet or waive all ARARs and does not present this view 1n the CMS/FS
report

Resolution

This comment does not require resolution

OU 1| CMS/FS R port
Comment R sponse Document
February 1995 20




Comment 17

Regulatory Requirements for THSS 130 Radioactive Site 800 Area Recent groundwater montoring
data for the three monitoring wells directly down gradient of IHSS 130 (36391 36691 37191) show the
presence of hazardous constituents not detected during the Phase III RFI/RI sampling The date from two
of these wells over the time frame utilized 1n the RFI/RI (1990 to mud 1992) were limited to only a single
sampling event The newer 1993 monitoring data may confirm the HRR report that hazardous waste
assoclated with the OPWL were disposed of at this IHSS and are potentially leaching from this IHSS 1nto
the groundwater As a result the Division is currently reviewing this monitoring well data to determine
if THSS 130 1s a potential hazardous waste landfill as well as a radioactive waste landfill As such the
Division requires that remedial action alternatives be developed for this landfill that are protective of
human health and the environment and meet all the appropriate regulatory requirements

Response

DOE disagrees with the assumption that IHSS 130 should be considered a mixed waste landfill DOE
requests that the State provide justification as to why this IHSS falls into this regulatory classification

DOE also disagrees with the State s position given that it 1s still trying to determine whether IHSS 130
1s a potential hazardous waste landfill based on downgradient groundwater data This comment represents
a significant departure from the approach to alternative development presented to the agencies since
January of this year Raising such an 1ssue after preparation of the draft final CMS/FS limits the value
of the consultive process that has been occurring to date between DOE and the regulatory agencies The
State has criticized DOE for its approach to negotiating 1ssues however 1t appears as if the discourse
which occurs during CMS/FS working meetings i1s not being considered in written comments Since
January of this year the focus of the OU 1 CMS/FS has been on groundwater remediation This approach
1s supported by the RFI/RI report and the BRA 1n particular DOE s position 1s that it 1s inappropriate
to target units for remediation which have not been 1dentified as risk contributors at the site and do not
exceed existing ARARs

Resolution

During the meeting held on December 14 1994 between DOE EPA and CDPHE the State revised its
position that IHSS 130 1s considered a mixed waste landfill The State 1s currently reviewing 1ts approach
to classifying this THSS
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Comment 18

Use of All Available Data The modeling and analysis of groundwater data in this report must use all
available field data Groundwater monitoring data for the hillside 1s available from 1987 to the present

Limuting this report to groundwater data from 1990 to mid 1992 1s not appropriate Additionally there
15 no mention of the December 1993 soil gas survey conducted at IHSS 119 1 The Division requires
that all available field data be used in the Final CMS/FS It 1s important to note that the RFI/RI was
performed using data gathered at a fimite point in tume (1990 to mud 1992) Inclusion of any new

pertinent data into the development of the final CMS/FS 1s essential 1n order to help ensure an accurate
CMS/ES Therefore as new information 1s obtained and evaluated further field work at OU 1 may be
required prior to a remedy selection

Response

DOE believes 1t 1s appropriate to use the data set constdered i the RFI/RI report for the groundwater
model constructed for the OU 1 CMS/FS Groundwater monitoring data for the hillside 1s available to
the present date and will continue to be available in the future The data set selected for the model 1s the
most appropriate data set to use given its use in the RFI/RI report to which results of the model are
being compared However at the request of both agencies the groundwater model has been revised to
include data through 1994 It 1s assumed that this data will be sufficient to satisfy this comment

DOE disagrees with the State s position that as new information 1s obtained and evaluated further field
work at OU 1 may be required prior to remedy selection Remedy selection 1s based on the results of
the CMS/FS report which 1n turn 1s based on the results of the RFI/RI report DOE believes that the
State 1s inappropriately suggesting continued RFI/RI characterization while continuing to request that the
CMS/FS be conducted regardless of unresolved characterization 1ssues

The CMS/FS report will be revised to reference all soil gas surveys The data was used indirectly in the
CMS/FS during conceptualization of remedial action alternatives The text will be revised to include this
information

Resolution

This comment will be resolved as discussed in the response presented above
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Comment 19

Detailed Analysis of Alternatives As documented 1n the Division s comments the DOE has made many
fundamental mistakes 1n the CMS/FS process including selectton of ARARs and PRGs and the
development of alternatives The number and degree of these mustakes have forced the Division to
conclude that the underlying basis for the detailed analysis of alternatives and the preferred alternative
presented i this draft CMS/FS are fatally flawed and without basis The Division requires that after
the ARARs PRGs development of alternatives and all other underlying errors mn this report are
corrected the detailed analysis of alternatives and DOE preferred remedy by reworked

The detailed analysis of alternatives must include detailed documentation of how the potential remedy will
comply with each of the five standards for evaluation of a final corrective measure alternative presented
in the RCRA Corrective Action Plan (OSWER Directive 9902 3 2) as well as the mne CERCLA criteria

Specifically the Division requires the reworked detailed analysis of alternatives to include how the
sources of releases will be controlled and to comply with any applicable standards for management of
wastes as evaluation criteria

The Division has not specifically commented on section 4 0 Detailed Analysis of Alternatives of this
draft CMS/FS The Division finds that based on the number and significance of the unresolved 1ssues
the evaluation of section 4 1s not warranted at this time This should not be construed as concurrence
by the Division on anything contained 1n Section 4 of the draft CMS/FS

Response

DOE does not agree that mistakes were made in the CMS/FS process at OU 1 Many of the 1ssues
raised by the State have failed to point to specific deficiencies in the CMS/FS report and instead are
general statements that are not supported by clear examples In many cases 1ssues presented are opinions
of the State which have not necessarily been i1dentified by the EPA as deficiencies Several comments
recewved from the State suggest that the document does not include an analysis of the RCRA standards
Because the State did not evaluate the detailed analysis of alternatives where these criteria are evaluated
DOE does not believe these comments are warranted The table included 1n the response to General
Comment #2 delineates how the RCRA evaluation criteria compare to the CERCLA evaluation criteria
which are included 1n the detailed analysis of alternatives The State has suggested 1n several comments
that the RCRA criteria have not been considered As shown in the table included in the response to
General Comment #2 CERCLA and RCRA evaluation criteria are similar and are discussed at length
in Section 4 0 of the CMS/FS report

Resolution

During the meeting held on December 14 1994 between DOE EPA and CDPHE the State revised 1its
position that the OU 1 CMS/FS report does not contain sufficient information regarding the RCRA CAP
evaluation criteria with the exception that source control measures are not adequately discussed under
alternatives that do not attempt to remediate the source of contamination at IHSS 119 1 The revised
CMS/FS report will include more a detailed discussion concerning source control measures under each
alternative
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Comment 20

Failure to Adequately Consider Risk in Evaluating Alternatives In the CMS/FS document DOE based
its decision on whether remediation alternatives protected human health solely on the modeled predictions

of the fate and transport of one chemical PCE They did not discuss CC14 11 DCE or any other
hazardous constituents This 1s unacceptable RAGS Part B states that all chemicals with risks greater
than 1x10° should remain on the list of chemicals of potential concern for that medium (RAGS part
B p 16) A remediation decision based on only one chemical does not consider the cumulative risks from
all chemicals 1n a particular media In this case the remediation decision does not even consider the risks
from CC14 and 1 1 DCE both of which are more toxic and present in higher concentrations at OU1 than
PCE Moreover HQs were not even calculated for inhalation exposure (see Tables C 6-4 5 & 6)
because no ihalation RfD was available for PCE

If DOE had done a toxicity assessment on this chemical 1t would have been apparent that there 1s no
evidence that this chemical causes local respiratory tract irrigation so that 1t would be appropriate to do
route route extrapolation on the oral toxicity factor for this chemical Asitis DOE did not even evaluate
the single chemical 1t assessed 1n the CMS/FS for noncarcinogenic effects by the mhalation route of
exposure

Response

The revised OU 1 CMS/FS will include each BRA COC 1n the risk evaluation for each alternative with
the addition of TCE due to its presence in unusually high concentrations at OU 1  Results from the
groundwater model will be examined for each of these COCs and will be incorporated 1n the appropriate
residual risk discussions

The residual risk for the residential receptor will be documented consistent with the methodology
presented 1n Appendix C An 1nhalation reference dose for PCE was not available in IRIS HEAST or
ECAO The 1ssue of a RfD for PCE will be deferred to ECAO for additional guidance prior to revision
of the CMS/FS report

Resolution

The resolution to this comment 1s as stated 1n the response above
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Comment 21

Groundwater Modeling This model 1s a first attempt to describe a complex system and as such tends
to raise as many or more questions than 1t answers about the conceptualization of the source locations and
inclusion of decay products The concept of a single flow line withmn a preferential channel may not
adequately describe the flow system between the chosen calibration wells Slumping 1s an active process
on the hillside and may interrupt what appears to be a bedrock low channel Current top of bedrock
information may not be detailed enough to define a single flow path accurately therefore this model
represents a theoretical flow path with a gradient similar to flow paths that may exist on the hillside
Only one conceptualization of the source was considered a residual DNAPL located in one cell at the
bedrock/alluvium interface Alternate source conceptualizations such as diffusion into the pore waters
of the bedrock between fractures were not mentioned The model shows a fair amount or contaminant
moving through the bedrock portion of the model so a source within bedrock could be important
Discussion of the choices made n the model conceptualization 1s an important element in model
documentation

Contaminant calibrations were apparently performed with less than the full suite of available data and not
all contamnants 1n the PCE decay chain were considered The source and location of each succeeding
contaminant becomes dispersed from the transport of its parent product Such complex linkage of
contaminant models becomes too difficult for a transport model dealing with one product at a time
Recognition of this complexity would indicate this model 1s not conservative

The English/Metric conflict 1s not yet resolved in this country Data 1n this report 1s presented 1n metric
units but the model 1s run m English umts and the conversions are not presented The best option seems
to be to present both to facilitate review of the model

Response
Specific issues in this comment are addressed in the following bullets

The concept of a single flow line within a preferential channel 1s based on the hydrogeologic conditions
and hydrogeologic conceptual model presented in the RFI/RI report and on fundamental techmques for
developing and applying a numerical model Data from the RFI/RI report reveal Iimited saturated
conditions at OU 1 ndicating that flow directions are restricted laterally The data also indicate that flow
1s down the hillside consistent with porous media flow and typical hillslope hydrology The alignment
of the modeled flowpath corresponds to the suspected source area beneath IHSS 119 1 and the
groundwater flow direction coincident with the bedrock channel consistent witht the Phase III RFI/RI

Therefore the model represents the most credible flowpath from IHSS 119 1 to Woman Creek As such

the modeled flowpath 1s the shortest flowpath in terms of distance and travel time Other flowpaths
would represent longer less conservative flowpaths

With regard to slumping the interruption referred to the comment may have little to no effect on
groundwater flow direction and magnitude The geologic cross section produced as part of the Phase II
RFI/RI from geologic mapping during the construction of the french drain does not indicate that
discontinuities caused by mass movement of colluvium 1nterupt the bedrock channel which 1s
represented 1n the model (refer to Volume IV Appendix A of the Phase III RFI/RI figure showing the
vertical section of the french drain from station 16+00 to 16+50) The section actually shows the shear
plane as conforming with the bedrock channel (in the section the shear plane 1s also referred to as a
potential shear plane and a discontinuous shear plane )
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The source represented 1n the model 1s that presented in the Phase III RFI/RI as the most credible based
on data collect during the RFI/RI  Since the model over estimates all COC concentrations larger sources
(in terms of size) due to spreading caused by decay or alternate sources are accounted for indirectly by
the model Consider also the possibility of three sources for groundwater contamination a source above
the water table a source at the bedrock/colluvium interface and a source 1n the bedrock For a source
above the water table the contaminant could not dissolve freely into groundwater A constant source at
the bedrock/colluvium interface could dissolve indefinitely into groundwater A source in the bedrock
could also dissolve into groundwater but would mugrate at a slower rate than the source at the
bedrock/colluvium mterface Thus a constant source at the bedrock/colluvium interface represents a
conservative scenario Diffusion as a release mechanism would result in much smailer releases of COCs
because 1t typically occurs at rates much lower than groundwater flow  Further discussion of
conservatism and sources 1s contained on responses to specific comments

Movement of a solute in bedrock does not indicate source in bedrock No data gap with regard to
bedrock was identified 1n the Phase III RFI/RI report Therefore no bedrock source was simulated in
the modeling

With regard to the issue of conservatism the model 1s conservative 1n two aspects The simulated
groundwater flow 1s conservative because the model always assumes flow occurs whereas there are many
areas and times of no flow (or low flow) due to dry conditions The overall hydraulic gradients and
therefore Darcian velocities are comparable to those observed at the site Model predictions are
conservative because they consistently over predict COC concentrations TCE has been included as a
COC 1n the model predictions

The COCs modeled are consistent with the COCs 1identified in the Phase III RFI/RI baseline risk
assessment and discussed with the agencies on May 23 1994 This meeting included DOE s explanation
of exactly how the model was to be constructed All parties participated 1n the discussion The model
was developed 1n accordance with these discussions as well as with the active participation of CDPHE
and EPA representatives during the various informal working meetings that occurred during the modeling
process The function of the model in the FS 1s to provide a predictive tool to facilitate the selection of
a remedial alternative

Resolution

The resolution of the topics covered 1n this comment 18 discussed 1n more detail 1 the response and
resolution of specific comments
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